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ANTI-AP ANTIBODIES 

This application claims the priority of US provisional application 60/3 1 3,224, 
filed August 17, 2001, the entire contents of which are incorporated by reference. 

BACKGROUND OF THE INVENTION 

The invention relates to analogs of antibody 266 that lack an N-glycosylation site 
in the second complementarity determining region (CDR2) of the heavy chain. Such 
antibodies are useful for preventative and therapeutic treatment of conditions associated 
with the Ap peptide, such as Alzheimer's disease, Down's syndrome, and cerebral 
amyloid angiopathy. 

A number of conditions and diseases appear to be associated with neuritic and 
cerebrovascular plaques in the brain containing amyloid beta peptides (AP). Among 
these are both pre-clinical and clinical Alzheimer's disease, Down's syndrome, and 
pre-clinical and clinical cerebral amyloid angiopathy (CAA). The Ap peptide in 
circulating form is composed of 39-43 amino acids (mostly 40 or 42 amino acids) 
resulting from the cleavage of a precursor protein, amyloid precursor protein (APP). 

Methods to induce an immune response to reduce amyloid deposits are described 
in PCT publication W099/27944 published 10 June 1999. The description postulates that 
full-length aggregated AP peptide would be a useful immunogen. Administration of a Ap 
fragment (amino acids 13-28) conjugated to sheep anti-mouse IgG caused no change in 
cortex amyloid burden, and only one in nine animals that received injections of the AP 
13-28 fragment-conjugate showed any lymphoproliferation in response to AP40. The 

application also indicates that antibodies that specifically bind to AP peptide could be 
used as therapeutic agents. However, this appears to be speculation since the supporting 
data reflect protocols that involve active immunization using, for example, AP42. 

WO 00/72880 and Bard, F., et al, Nature Med. (2000) 6:91 6-919 describe 
significant reduction in plaque in cortex and hippocampus in a transgenic mouse model of 
Alzheimer's disease when treated using N-terminal fragments of Ap peptides and 
antibodies that bind to them, but not when treated with the AP 13-28 fragment conjugated 
to sheep anti-mouse IgG or with an antibody against the 13-28 fragment, antibody 266. 
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(54) Title: ANTI-Ap ANTIBODIES 

V© 

^ (57) Abstract: This invention provides variant 266 antibodies that are engineered to lack an N-glycosylation site within the CDR2 
of the heavy chain, pharmaceutical compositions thereof, and polynucleotide sequences, vectors, and transformed cells useful to 

25 express the variant antibodies. The variants sequester soluble Ap peptide from humanbiological fluids and specifically bind an 
epitope contained withinposition 13-28 of the amyloid beta peptide Ap with significantly greater affinity than either mouse antibody 

Q 266 orhumanized 266 antibodies retaining N-glycosylation sites. The variant antibodies are useful for treatment or prevention of 

J^. conditions and diseases associated with AB, including Alzheimer's disease, Down's syndrome, cerebral amyloid angiopathy, mild 

^ cognitive impairment, and the like. 
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The N-terminal directed antibodies were asserted to cross the blood-brain barrier and to 
induce phagocytosis of amyloid plaques in in vitro studies. 

WO 00/77178 describes antibodies that were designed to catalyze the hydrolysis 
of p amyloid, including antibodies raised against a mixture of the phenylalanine statine 
transition compounds Cys-APio-25> statine Phej9-Phe20 and Cys-Apjo-25 statine 
Phe20-Ala2i and antibodies raised against Apio-25 having a reduced amide bond 
between Phe^ and Phe20- The document provides no in vivo evidence that 
administration of these antibodies causes efflux of Ap from the central nervous system, 
interference with plaque formation, reduction in plaque burden, formation of complexes 
between the antibodies and Ap in tissue samples, or affects cognition. 

U.S. patents 5,766,846, 5,837,672, and 5,593,846 (which are incorporated herein 
by reference) describe the production of murine monoclonal antibodies to the central 
domain of the Ap peptide. Among antibodies known to bind between amino acids 13 and 
28 of AP are mouse antibodies 266, 4G8, and 1C2. 

It had previously been found, as described in PCT/US/0 1/061 91, filed February 
26, 2001, that administration of the mouse antibody 266 almost completely restores 
cognition following prolonged periods of weekly administration of the 266 antibody 
(object memory) in 24-month old hemizygous transgenic mice (APP V717F ). It was also 
observed that peripheral administration of antibody 266 results in rapid efflux of 
relatively large quantities of AP peptide from the CNS into the plasma. Prolonged 
treatment also resulted in altered clearance of soluble Ap, prevention of plaque formation, 
and improvement in cognition, even without necessarily having the features the art 
teaches are required: for an antibody to be effective, namely, reducing AP amyloid plaque 
burden, crossing the blood brain barrier to any significant extent, decorating plaque, 
activating cellular mechanisms, or binding with great affinity to aggregated Ap. 
DeMattos, et al (Proc. Natl Acad. Sci (USA) Early Edition, July 3, 2001) published 
some of the data that are in PCT/US/01/06191 . PCT/US/01/06191 also disclosed 
humanized 266 antibodies ("Hu266" or "h266"). 

Starting at position 56 of the heavy chain V region, both Mu266 and Hu266 
contain the sequence Asn-Ser-Thr. This sequence is an example of the Asn-X-Ser/Thr 
signal for N-linked glycosylation, wherein the Asn is the site of attachment of N-linked 
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glycosyl chains. While most occurrences of Asn-X-Ser/Thr in secreted proteins are 
glycosylated (Gavel, Y. et al, Prot. Eng. (1990) 3:433-442), not all glycosylation site 
sequences that are present in a polypeptide are sites where sugar residues are actually 
attached (U.S. patent 5,714,350). Notably, the results reported in PCT/US/01/06191 were 
generated using a 266 antibody that was frilly glycosylated at position 56 of the heavy 
chain. 

It has been shown that glycosylation in variable region framework can have a 
negative effect on antibody binding affinity, likely due to steric hindrance (Co, M.S., 
et al, Mol Immunol (1993) 30:1361-1367). In contrast, glycosylation in the heavy chain 
CDR2 of a particular murine antibody increased its affinity for the antigen (Wallick, S.C., 
etal, J. Exp. Med. (1988) 168:1099-1 109; Wright, A., et al y EMBO J. (1991) 10:2717- 
2723). In light of these teachings, the effect of glycosylation of h266 in VH CDR2 on its 
affinity for Ap was unpredictably that is, glycosylation might affect affinity for Ap 
positively, negatively, or not at all. The only way to determine whether glycosylation of 
266 affected affinity was to remove the glycosylation site and determine the binding 
affinity. 

Quite unpredictably and advantageously, the affinity of Hu266 that is 
deglycosylated in the heavy chain CDR2 for Ap peptide is markedly higher than that of 
h266. 

SUMMARY OF THE INVENTION 

This invention provides humanized antibodies and fragments thereof, having the 
CDR of mouse anti-AP antibody 266, wherein the N-glycosylation site in heavy chain 
CDR2 is modified so that it cannot be N-glycosylated. So, in its broadest extent, the 
present invention is an antibody, or fragment thereof, comprising a light chain and a 
heavy chain, wherein the light chain comprises the three light chain complementarity 
determining regions (CDRs) from mouse monoclonal antibody 266 (SEQ ID NO: 1-3), 
and wherein the heavy chain comprises heavy chain CDR1 and CDR3 from mouse 
monoclonal antibody 266 (SEQ ID NO: 4 and 6, respectively), and a heavy chain CDR2 
having the sequence given by SEQ ID NO:5: 

1 5 10 15 
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Gin lie Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys 

Gly 

(SEQ ID NO:5) 
wherein: 

Xaa at position 7 is any amino acid, provided that if Xaa at position 8 is neither 
Asp nor Pro and Xaa at position 9 is Ser or Thr, then Xaa at position 7 is not Asn; 

Xaa at position 8 is any amino acid, provided that if Xaa at position 7 is Asn and 
Xaa at position 9 is Ser or Thr, then Xaa at position 8 is Asp or Pro; and 

Xaa at position 9 is any amino acid, provided that if Xaa at position 7 is Asn and 
Xaa at position 8 is neither Asp nor Pro, then Xaa at position 9 is neither Ser nor 
Thr. 

Also part of the invention are polynucleotide sequences that encode the 
humanized antibodies or fragments thereof disclosed above, vectors comprising the 
polynucleotide sequences encoding the humanized antibodies or fragments thereof, host 
cells transformed with the vectors or incorporating the polynucleotides that express the 
humanized antibodies or fragments thereof, pharmaceutical formulations of the 
humanized antibodies and fragments thereof disclosed herein, and methods of making and 
using the same. 

Such humanized antibodies and fragments thereof having higher affinity for AP 
than mouse 266 or humanized 266 are expected to exhibit the same properties described 
previously for mouse 266 and humanized 266, namely, they are useful for sequestering 
Ap in humans; for treating and preventing diseases and conditions characterized by Ap 
plaques or AP toxicity in the brain, such as Alzheimer's disease, Down's syndrome, and 
cerebral amyloid angiopathy in humans; for diagnosing these diseases in humans; and for 
determining whether a human subject will respond to treatment using humanized 
antibodies against Ap. 

The advantages of the present humanized, variant 266 antibodies over the 
previously described humanized 266 antibodies include more reliable manufacturability, 
less batch-to-batch variability in gjycosylation, and comparable or higher affinity for the 
antigen than the previously described humanized 266 antibodies. This will permit lower 
doses to give equivalent results. 
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Administration of an antibody of this invention in vivo to sequester Ap peptide 
circulating in biological fluids is useful for preventive and therapeutic treatment of 
conditions associated with the formation of AP-containing diffuse, neuritic, and 
cerebrovascular plaques in the brain. This invention provides enhanced binding affinity 
due to the elimination of the CDR2 N-glycosylation site. 

The invention also includes methods of using the deglycosylated 266 antibodies to 
treat and to prevent conditions characterized by the formation of plaques containing beta- 
amyloid protein in humans, which method comprises administering, preferably 
peripherally, to a human in need of such treatment a therapeutically or prophylactically 
effective amount of deglycosylated 266 antibodies, or immunologically reactive 
fragments thereof 

In another aspect, the invention is directed to a method to inhibit the formation of 
amyloid plaques and to clear amyloid plaques in humans, which method comprises 
administering to a human subject in need of such inhibition an effective amount of the 
deglycosylated 266 antibodies of the present invention. 

The invention also includes methods of reversing cognitive decline, improving 
cognitive cognition, treating cognitive decline, and preventing cognitive decline in a 
subject diagnosed with clinical or pre-clinical Alzheimer's disease, Down's syndrome, or 
clinical or pre-clinical cerebral amyloid angiopathy, comprising administering to the 
subject an effective amount of the deglycosylated 266 antibodies of the present invention. 

The invention also includes use of a humanized antibody of the present invention 
for the manufacture of a medicament, including prolonged expression of recombinant 
sequences of the antibody or antibody fragment in human tissues, for treating, preventing, 
or reversing Alzheimer's disease, Down's syndrome, or cerebral amyloid angiopathy; for 
treating, preventing, or reversing cognitive decline in clinical or pre-clinical Alzheimer's 
disease, Down's syndrome, or clinical or pre-clinical cerebral amyloid angiopathy; or to 
inhibit the formation of amyloid plaques or the effects of toxic soluble AP species in 
humans. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 . pVk-Hu266 polynucleotide sequences for expressing humanized variant 
266 light chain and single amino acid codes for expressed humanized 266 light chains. 
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The complete sequence of the light chain gene is located between the Mlul and BamHI 
sites in pVk-Hu266. The nucleotide number indicates its position in pVk-Hu266. TheV k 
and Ck exons are translated in single letter code; the dot indicates the translation 
termination codon. The mature light chain starts at the double-underlined aspartic acid 
(D). The intron sequences are in italic. 

Figure 2. Complete sequence of the Hu266 N56S heavy chain gene. Complete 
sequence of the Hu266 N56S heavy chain gene located between the Mlul and BamHI 
sites in pVgl-Hu266 N56S. The nucleotide number indicates its position in pVgl-Hu266 
N56S. The VH and CH exons are translated in single letter code; the dot indicates the 
translation termination codon. The mature heavy chain starts at the bold and underlined 
glutamic acid (E). The adenine at nucleotide position 853 of pVgl-Hu266 has been 
substituted with a guanine (bold and double-underlined), resulting in an amino acid 
change to a serine residue (bold and double-underlined). The intron sequences are in 
italics. The polyA signal is underlined. 

Figure 3. Complete sequence of the Hu266 N56T heavy chain gene. Complete 
sequence of the Hu266 N56T heavy chain gene located between the Mlul and BamHI 
sites in pVgl-Hu266 N56T. The nucleotide number indicates its position in pVgl-Hu266 
N56T. The VH and CH exons are translated in single letter code; the dot indicates the 
translation termination codon. The mature heavy chain starts at the bold and underlined 
glutamic acid (E). The adenine at nucleotide position 853 of pVgl-Hu266 has been 
substituted with a cytosine (bold and double-underlined), resulting in an amino acid 
change to a threonine residue (bold and double-underlined). The intron sequences are in 
italics. The polyA signal is underlined. 

Figure 4. Nucleotide sequence and deduced amino acid sequence of the heavy 
chain variable region of Hu266 N56S in the mini exon. The adenine at nucleotide 
position 235 has been substituted with a guanine (bold and double-underlined), resulting 
in an amino acid change to a serine residue (bold and double-underlined). The signal 
peptide sequence is in italics. The CDRs based on the definition of Kabat (Johnson, J., et 
aL, Nucleic Acids Res. (2000) 28:214-218) are underlined. The mature heavy chain 
begins with a glutamic acid residue (bold and underlined). The sequence shown is 
flanked by unique Mlul (ACGCGT) and Xbal (TCTAGA) sites. 
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Figure 5. Nucleotide sequence and deduced amino acid sequence of the heavy 
chain variable region of Hu266 N56T in the mini exon. The adenine at nucleotide 
position 235 has been substituted with a cytosine (bold and double-underlined), resulting 
in an amino acid change to a threonine residue (bold and double-underlined). The signal 
peptide sequence is in italics. The CDRs based on the definition of Kabat (Johnson, J., et 
al, Nucleic Acids Res. (2000) 28:214-218) are underlined. The mature heavy chain 
begins with a glutamic acid residue (bold and underlined). The sequence shown is 
flanked by unique Mlul (ACGCGT) and Xbal (TCTAGA) sites. 

Figure 6. Hu266 N56S heavy chain cDNA and translated amino acid sequence. 
The amino acids are shown in single letter code; the dot indicates the translation 
termination codon. The first amino acid of the mature heavy chain is underlined and 
bold, preceded by its signal peptide sequence. The substituted amino acid, serine, is bold 

Figure 7. Hu266 N56T heavy chain cDNA and translated amino acid sequence. 
The amino acids are shown in single letter code; the dot indicates the translation 
termination codon. The first amino acid of the mature heavy chain is underlined and 
bold, preceded by its signal peptide sequence. The substituted amino acid, threonine, is 
bold. 

Figure 8. Plasmid pVk-Hu266 

Figure 9. Plasmid construct for expression ofHu266N56S and N56T. The 
Hu266 variant VH genes were constructed as mini-exons flanked by Mlul and Xbal sites. 
The V regions were incorporated into the corresponding expression vectors to make 
P Vgl-Hu266 N56S orN56T. 

DETAILED DESCRIPTION OF THE INVENTION 

We have surprisingly found that humanized antibodies, wherein the CDRs 
originate from mouse monoclonal antibody 266 and the framework and other portions of 
the antibodies originate from a human germ line, and wherein an N-glycosylation site 
within the CDR2 of the heavy chain is removed, bind A|Jl-40 and Apl-42 with 
surprisingly higher affinity than glycosylated mouse or humanized 266 antibodies. Thus, 
we have a reasonable basis for believing that humanized antibodies of this specificity, 
modified to reduce their immunogenicity by converting them to a humanized form, offer 
the opportunity to treat, both prophylactically and therapeutically, conditions in humans 
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that are associated with Ap, including, pre-clinical and clinical Alzheimer's, Down's 
syndrome, and pre-clinical and clinical cerebral amyloid angiopathy. 

As used herein, the word "treat" includes therapeutic treatment, where a condition 
to be treated is already known to be present and prophylaxis - i.e., prevention of, or 
amelioration of, the possible future onset of a condition. 

By "antibody" is meant a monoclonal antibody per se, or an immunologically 
effective fragment thereof, such as an Fab, Fab', or F(ab')2 fragment thereof. In some 
contexts, herein, fragments will be mentioned specifically for emphasis; nevertheless, it 
will be understood that regardless of whether fragments are specified, the term "antibody" 
includes such fragments as well as single-chain forms. As long as the protein retains the 
ability specifically to bind its intended target, it is included within the term "antibody/' 
Also included within the definition "antibody" are single chain forms. Preferably, but not 
necessarily, the antibodies useful in the invention are produced recombinantly. 
Antibodies may or may not be glycosylated, though glycosylated.antibodies are preferred, 
except at the N-glycosylation site on CDR2. Antibodies are properly cross-linked via 
disulfide bonds, as is well known. 

The basic antibody structural unit is known to comprise a tetramer. Each tetramer 
is composed of two identical pairs of polypeptide chains, each pair having one "light" 
(about 25 kDa) and one "heavy" chain (about 50-70 kDa). The amino-terminal portion of 
each chain includes a variable region of about 100 to 1 10 or more amino acids primarily 
responsible for antigen recognition. The carboxy-terminal portion of each chain defines a 
constant region primarily responsible for effector function. 

Light chains are classified as kappa and lambda. Heavy chains are classified as 
gamma, mu, alpha, delta, or epsilon, and define the antibody's isotype as IgG, IgM, IgA, 
IgD and IgE, respectively. Within each isotype, there may be subtypes, such as IgGi, 
IgG4, etc. Within light and heavy chains, the variable and constant regions are joined by 
a "J" region of about 12 or more amino acids, with the heavy chain also including a "D" 
region of about 3 or more amino acids. The particular identity of constant region, the 
isotype, or subtype does not impact the present invention. 

The variable regions of each light/heavy chain pair form the antibody binding site. 
Thus, an intact antibody has two binding sites. The chains all exhibit the same general 
structure of relatively conserved framework regions (FR) joined by three hypervariable 
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regions, also called complementarity determining regions or CDRs. The CDRs from the 
two chains of each pair are aligned by the framework regions, enabling binding to a 
specific epitope. From N- terminal to C-terminal, both light and heavy chains comprise 
the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The assignment of amino 
acids to each domain is in accordance with well known conventions [Kabat "Sequences 
of Proteins of Immunological Interest" National Institutes of Health, Bethesda, Md., 1987 
and 1991; Chothia, et al., J. Mol. Biol. 196:901-917 (1987); Chothia, et al., Nature 
342:878-883(1989)]. 

By "humanized antibody" is meant an antibody that is composed partially or fully 
of amino acid sequences derived from a human antibody germline by altering the 
sequence of an antibody having non-human complementarity determining regions (CDR). 
A humanized immunoglobulin does not encompass a chimeric antibody, having a mouse 
variable region and a human constant region. However, the variable region of the 
antibody and even the CDR are humanized by techniques that are by now well known in 
the art. The framework regions of the variable regions are substituted by the 
corresponding human framework regions leaving the non-human CDR substantially 
intact. As mentioned above, it is sufficient for use in the methods of the invention, to 
employ an immtmologically specific fragment of the antibody, including fragments 
representing single chain forms. 

Humanized antibodies have at least three potential advantages over non-human 
and chimeric antibodies for use in human therapy: 

1) because the effector portion is human, it may interact better with the other parts 
of the human immune system (e.g., destroy the target cells more efficiently by 
complement-dependent cytotoxicity (CDC) or antibody-dependent cellular cytotoxicity 
(ADCC)). 

2) The human immune system should not recognize the framework or C region of 
the humanized antibody as foreign, and therefore the antibody response against such an 
injected antibody should be less than against a totally foreign non-human antibody or a 
partially foreign chimeric antibody. 

3) Injected non-human antibodies have been reported to have a half-life in the 
human circulation much shorter than the half-life of human antibodies. Injected 
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humanized antibodies will have a half-life essentially identical to naturally occurring 
human antibodies, allowing smaller and less frequent doses to be given. 

The design of humanized immunoglobulins may be carried out as follows. As to 
the human framework region, a framework or variable region amino acid sequence of a 
CDR-providing non-human immunoglobulin is compared with corresponding sequences 
in a human immunoglobulin variable region sequence collection, and a sequence having a 
high percentage of identical amino acids is selected. When an amino acid falls under the 
following category, the framework amino acid of a human immunoglobulin to be used 
(acceptor immunoglobulin) is replaced by a framework amino acid from a CDR- 
providing non-human immunoglobulin (donor immunoglobulin): 

(a) the amino acid in the human framework region of the acceptor 
immunoglobulin is unusual for human immunoglobulin at that position, whereas the 
corresponding amino acid in the donor immunoglobulin is typical for human 
immunoglobulin at that position; 

(b) the position of the amino acid is immediately adjacent to one of the CDRs; or 

(c) any side chain atom of a framework amino acid is within about 5-6 angstroms 
(center-to-center) of any atom of a CDR amino acid in a three dimensional 
immunoglobulin model [Queen, et al., Proc. Natl Acad. Sci. USA 86:10029-10033 
(1989), and Co, et aL, Proc. Natl. Acad. Sci. USA 88, 2869 (1991)]. When each of the 
amino acid in the human framework region of the acceptor immunoglobulin and a 
corresponding amino acid in the donor immunoglobulin is unusual for human 
immunoglobulin at that position, such an amino acid is replaced by an amino acid typical 
for human immunoglobulin at that position. 

The CDRs of deglycosylated humanized 266 have the following amino acid sequences: 
light chain CDR1: 

15 10 15 

Arg Ser Ser Gin Ser Leu lie Tyr Ser Asp Gly Asn Ala Tyr Leu His 

(SEQIDNO:l) 
light chain CDR2: 

15 
Lys Val Ser Asn Arg Phe Ser (SEQIDNO:2) 
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light chain CDR3: 

1 5 

Ser Gin Ser Thr His Val Pro Trp Thr (SEQDDNO:3) 
heavy chain CDR1: 

15 
Arg Tyr Ser Met Ser (SEQ ID NO:4) 

heavy chain CDR2: 

is io is 

Gin lie Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys Gly 

(SEQIDNO:5) 

wherein: 

Xaa at position 7 is any amino acid, provided that if Xaa at position 8 is neither 
Asp nor Pro and Xaa at position 9 is Ser or Thr, then Xaa at position 7 is not Asn; 

Xaa at position 8 is any amino acid, provided that if Xaa at position 7 is Asn and 
Xaa at position 9 is Ser or Thr, then Xaa at position 8 is Asp or Pro; and 

Xaa at position 9 is any amino acid, provided that if Xaa at position 7 is Asn and Xaa at 
position 8 is neither Asp nor Pro, then Xaa at position 9 is neither Ser nor Thr; 

and, heavy chain CDR3: 
i 

Gly Asp Tyr (SEQ ID NO:6). 

By "any amino acid" is meant any naturally-occurring amino acid. Preferred 
naturally-occurring amino acids are Ala, Cys, Asp, Glu, Phe, Gly, His, He, Lys, Leu, Met, 
Asn, Pro, Gin, Arg, Ser, Thr, Val, Tip, and Tyr. 

A preferred group of antibodies are those having as light chain CDR1 -CDR3 the 
sequences SEQ ID NO: 1-3, respectively, as heavy chain CDR1 and CDR3 the sequences 
SEQ ID NO:4 and 6, respectively, and wherein the sequence of heavy chain CDR2 is 
SEQ ID NO:5, wherein: 

Xaa at position 7 of SEQ ID NO:5 is selected from the group consisting of Ala, 

Cys, Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, 
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Val, Tip, and Tyr, provided that if Xaa at position 8 is neither Asp nor Pro and 
Xaa at position 9 is Ser or Thr, then Xaa at position 7 is not Asn; 

Xaa at position 8 of SEQ ID NO:5 is selected from the group consisting of Ala, 
Cys, Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, 
Val, Tip, and Tyr, provided that if Xaa at position 7 is Asn and Xaa at position 9 
is Ser or Thr, then Xaa at position 8 is Asp or Pro; and 

Xaa at position 9 of SEQ ID NO:5 is selected from the group consisting of Ala, 
Cys, Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, 
Val, Trp, and Tyr, provided that if Xaa at position 7 is Asn and Xaa at position 8 
is neither Asp nor Pro, then Xaa at position 9 is neither Ser nor Thr. 

Another description of the preferred group is: antibodies or fragments thereof 
having as light chain CDR1-CDR3 the sequences SEQ ID NO:l-3, respectively, as heavy 
chain CDR1 and CDR3 the sequences SEQ ID NO:4 and 6, respectively, and wherein the 
sequence of heavy chain CDR2 is selected from the group consisting of: 

1) SEQIDNO:13 

X 5 10 15 

Gin lie Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys Gly 

(SEQIDNO:13) 

wherein: 

Xaa at position 7 of SEQ ID NO: 13 is selected from the group consisting of Ala, 
Cys, Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, Pro, Gin, Arg, Ser, Thr, Val, 
Trp, and Tyr; 

Xaa at position 8 of SEQ ID NO: 13 is selected from the group consisting of Ala, 
Cys, Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, 
Val, Trp, and Tyr; and 

Xaa at position 9 of SEQ ID NO: 1 3 is selected from the group consisting of Ala, 
Cys, Asp, Glu, Phe, Gly, His, Be, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, 
Val, Trp, and Tyr, 

2) SEQE>NO:14 

1 5 10 15 

Gin He Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys Gly 
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(SEQE)NO:14) 
wherein: 

Xaa at position 7 of SEQ ID NO:14 is Asn; 

Xaa at position 8 of SEQ ID NO:14 is selected from the group consisting of Ala, 
Cys, Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, 
Val, Trp, and Tyr; and 

Xaa at position 9 of SEQ ID NO: 14 is selected from the group consisting of Ala, 
Cys, Asp, Glu, Phe, Gly, His, He, Lys, Leu, Met, Asn, Pro, Gin, Arg, Val, Trp, 
and Tyr; 

and 

3) SEQIDNO:15^ 

1 5 10 15 

Gin He Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys Gly 
(SEQIDNO:15) 
wherein: 

Xaa at position 7 of SEQ ID NO: 1 5 is Asn; 

Xaa at position 8 of SEQ ID NO: 15 is selected from the group consisting of Asp 
and Pro; and 

Xaa at position 9 of SEQ ID NO: 1 5 is selected from the group consisting of Ser 
and Thr. 

Preferred sequences for CDR2 of the heavy chain include those in which only a 
single amino acid is changed, those in which only two amino acids are changed, or all 
three are changed. It is preferred to replace Asn at position 7, or to replace Thr at position 
9, or to replace both. Conservative substitutions at one, two, or all three positions are 
preferred. The most preferred species are those in which Asn at position 7 is replaced 
with Ser or Thr. It is preferred to not replace Ser at position 8, and if Ser at position 8 is 
replaced, then to replace it conservatively, for example, with Ala or Thr.Preferred 
deglycosylated 266 antibodies of the present invention are those in which in CDR2 of the 
heavy chain (i.e., within SEQ ID NO:5, as described above): 
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N Xaa at position 7 is selected from the group consisting of Ala, Gly, His, Asn, Gin, 
Ser, and Thr, provided that if Xaa at position 9 is Ser or Thr, then Xaa at position 
7 is not Asn; 

Xaa at position 8 is selected from the group consisting of Ala, Gly, His, Asn, Gin, 
Ser, and Thr; and 

Xaa at position 9 is selected from the group consisting of Ala, Gly, His, Asn, Gin, 
Ser, and Thr, provided that if Xaa at position 7 is Asn, then Xaa at position 9 is 
neither Ser nor Thr. 

An alternate description of preferred deglycogsylated 266 antibodies is: antibodies 
or fragments thereof having as light chain CDR1-CDR3 the sequences SEQ ID NO:l-3, 
respectively, as heavy chain CDR1 and CDR3 the sequences SEQ ID NO:4 and 6, 
respectively, and wherein the sequence of heavy chain CDR2 is selected from the group 
consisting of: 

1) SEQIDNO:16 

1 5 10 15 

Gin lie Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys Gly 
(SEQ ID NO: 16) 

wherein: 

Xaa at position 7 of SEQ ID NO:16 is selected from the group consisting of Ala, 
Gly, His, Gin, Ser, and Thr; 

Xaa at position 8 of SEQ ID NO: 16 is selected from the group consisting of Ala, 
Gly, His, Asn, Gin, Ser, and Thr; and 

Xaa at position 9 of SEQ ID NO: 16 is selected from the group consisting of Ala, 
Gly, His, Asn, Gin, Ser, and Thr; and 

2) SEQIDNO:17 

! 5 10 15 

Gin He Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys Gly 

(SEQE>NO:17) 

whereinf 

Xaa at position 7 of SEQ ID NO: 17 is Asn; 
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Xaa at position 8 of SEQ ID NO: 17 is selected from the group consisting of Ala, 
Gly, His, Asn, Gin, Ser, and Thr; and 

Xaa at position 9 of SEQ ID NO: 17 is selected from the group consisting of Ala, 
Gly, His, Asn, and Gin. 

Another group of preferred deglycosylated 266 antibodies are those in which in 
CDR2 of the heavy chain (i.e., within SEQ ID NO:5, as described above): 

Xaa at position 7 is selected from the group consisting of Ala, Gly, Leu, Met, Gin, 
Ser, Thr, and Val; 

Xaa at position 8 is Ser; and 

Xaa at position 9 is Thr. 

Another group of preferred deglycosylated 266 antibodies are those in which in 
CDR2 of the heavy chain (i.e., within SEQ ID NO:5, as described above): 
Xaa at position 7 is Asn; 

Xaa at position 8 is Ser; and 

Xaa at position 9 is selected from the group consisting of Ala, Gly, Asn, Gin, and 
Val. 

Another group of preferred deglycosylated 266 antibodies are those in which in 
CDR2 of the heavy chain (i.e., within SEQ ID NO:5, as described above): 

Xaa at position 7 is selected from the group consisting of Ala, Gly, Leu, Met, Gin, 
Ser, Thr, and Val; 

Xaa at position 8 is Ser; and 

Xaa at position 9 is selected from the group consisting of Ala, Gly, Asn, Gin, and 
Val. 

Another group of preferred deglycosylated 266 antibodies are those in which in 
CDR2 of the heavy chain (i.e., within SEQ ID NO:5, as described above): 

Xaa at position 7 is selected from the group consisting of Ser and Thr; 

Xaa at position 8 is selected from the group consisting of Ser, Ala, and Thr; and 
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Xaa at position 9 is selected from the group consisting of Ala, Gly, Asn, Gin, Thr, 
and Val. 

Another group of preferred deglycosylated 266 antibodies are those in which in 
CDR2 of the heavy chain (i.e., within SEQ ID NO:5, as described above): 

Xaa at position 7 is selected from the group consisting of Ser and Thr, 

Xaa at position 8 is selected from the group consisting of Ser, Ala, and Thr; and 
Xaa at position 9 is Thr. 

A preferred light chain variable region of a humanized antibody of the present 

invention has the following amino acid sequence, in which the framework originated 

from human geimline Vk segment DPK1 8 and J segment Jkl , with several amino acid 

substitutions to the consensus amino acids in the same human V subgroup to reduce 

potential immunogenicity: 

is io 15 

Asp Xaa Val Met Thr Gin Xaa Pro Leu Ser Leu Pro Val Xaa Xaa 

20 25 30 

Gly Gin Pro Ala Ser lie Ser Cys Arg Ser Ser Gin Ser Leu Xaa 

35 40 45 

Tyr Ser Asp Gly Asn Ala Tyr Leu His Trp Phe Leu Gin Lys Pro 

50 55 60 

Gly Gin Ser Pro Xaa Leu Leu He Tyr Lys Val Ser Asn Arg Phe 

65 70 75 

Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp 

80 85 90 

Phe Thr Leu Lys He Ser Arg Val Glu Ala Glu Asp Xaa Gly Val 

95 100 105 

Tyr Tyr Cys Ser Gin Ser Thr His Val Pro Trp Thr Phe Gly Xaa 



110 

Gly Thr Xaa Xaa Glu He Lys Arg 



(SEQ ID NO: 7) 
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wherein: 

Xaa at position 2 is Val or lie; 
Xaa at position 7 is Ser or Thr; 
Xaa at position 14 is Thr or Ser; 
Xaa at position 1 5 is Leu or Pro; 
Xaa at position 30 is He or Val; 
Xaa at position 50 is Arg, Gin, or Lys; 
Xaa at position 88 is Val or Leu; 
Xaa at position 1 05 is Gin or Gly; 
Xaa at position 108 is Lys or Arg; and 
Xaa at position 109 is Val or Leu. 

A preferred heavy chain variable region of a humanized antibody of the present 

invention has the following amino acid sequence, in which the framework originated 

from human germline VH segment DP53 and J segment JH4, with several amino acid 

substitutions to the consensus amino acids in the same human subgroup to reduce 

potential immunogenicity: 

15 io is 

Xaa Val Gin Leu Val Glu Xaa Gly Gly Gly Leu Val Gin Pro Gly 

20 25 30 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 

35 40 45 . 

Arg Tyr Ser Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 

50 55 60 

Xaa Leu Val Ala Gin He Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr 

65 70 75 

Pro Asp Xaa Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Xaa 



80 85 90 

Xaa Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Xaa Asp 
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95 100 105 

Thr Ala Val Tyr Tyr Cys Ala Ser .Gly Asp Tyr Trp Gly Gin Gly 

110 

Thr Xaa Val Thr Val Ser Ser (SEQ ID NO: 8) 

wherein: 

Xaa at position 1 is Glu or Gin; 
Xaa at position 7 is Ser or Leu; 
Xaa at position 46 is Glu, Val, Asp, or Ser; 

Xaa at position 56 is any amino acid, provided that if Xaa at position 57 is neither 
Asp nor Pro and Xaa at position 59 is Ser or Thr, then Xaa at position 56 is not 
Asn; 

Xaa at position 57 is any amino acid, provided that if Xaa at position 56 is Asn 
and Xaa at position 58 is Ser or Thr, then Xaa at position 57 is Asp or Pro; and 
Xaa at position 58 is any amino acid, provided that if Xaa at position 56 is Asn 
and Xaa at position 57 is neither Asp nor Pro, then Xaa at position 58 is neither 
Ser nor Thr 

Xaa at position 63 is Thr or Ser; 

Xaa at position 75 is Ala, Ser, Val, or Thr; 

Xaa at position 76 is Lys or Arg; 

Xaa at position 89 is Glu or Asp; and 

Xaa at position 1 07 is Leu or Thr. 

A particularly preferred light chain variable region of a humanized antibody of the 

present invention has the following amino acid sequence, in which the framework 

originated from human germline Vk segment DPK18 and J segment Jkl, with several 

amino acid substitutions to the consensus amino acids in the same human V subgroup to 

reduce potential immunogenicity: 

x 5 10 15 

Asp Val Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr Leu 



20 25 30 

Gly Gin Pro Ala Ser He Ser Cys Arg Ser Ser Gin Ser Leu He 
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35 40 45 

Tyr Ser Asp Gly Asn Ala Tyr Leu His Trp Phe Leu Gin Lys Pro 

50 55 60 

Gly Gin Ser Pro Arg Leu Leu He Tyr Lys Val Ser Asn Arg Phe 

65 70 75 

Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp 

80 85 90 

Phe Thr Leu Lys lie Ser Arg Val Glu Ala Glu Asp Val Gly Val 

95 100 105 

Tyr Tyr Cys Ser Gin Ser Thr His Val Pro Trp Thr Phe Gly Gin 

110 

Gly Thr Lys Val Glu He Lys Arg (SEQ ID NO: 9) . 

A particularly preferred heavy chain variable region of a humanized antibody of 
the present invention has the following amino acid sequence, in which the framework 
originated from human germline VH segment DP53 and J segment JH4: 

1 5 10 15 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 

20 25 30 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 

35 40 45 

Arg Tyr Ser Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 

50 55 60 

Glu Leu Val Ala Gin lie Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr 

65 70 75 

Pro Asp Thr Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala 



80 85 90 

Lys Asn Thr Leu Tyr. Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 
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95 100 105 

Thr Ala Val Tyr Tyr Cys Ala Ser Gly Asp Tyr Trp Gly Gin Gly 

110 

Thr Leu Val Thr Val Ser Ser (SEQ ID NO: 10) 

wherein: 

Xaa at position 56 is any amino acid, provided that if Xaa at position 57 is neither 
Asp nor Pro and Xaa at position 59 is Ser or Thr, then Xaa at position 56 is not 
Asn; 

Xaa at position 57 is any amino acid, provided that if Xaa at position 56 is Asn 
and Xaa at position 58 is Ser or Thr, then Xaa at position 57 is Asp or Pro; and 
Xaa at position 58 is any amino acid, provided that if Xaa at position 56 is Asn 
and Xaa at position 57 is neither Asp nor Pro, then Xaa at position 58 is neither 
Ser nor Thr. 

A preferred light chain for a humanized antibody of the present invention has the 
amino acid sequence: 

1 5 10 15 

Asp Val Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr Leu 

20 25 30 

Gly Gin Pro Ala Ser He Ser Cys Arg Ser Ser Gin Ser Leu He 

35 40 45 

Tyr Ser Asp Gly Asn Ala Tyr Leu His Trp Phe Leu Gin Lys Pro 

50 55 60 

Gly Gin Ser Pro Arg Leu Leu He Tyr Lys Val Ser Asn Arg Phe 

65 70 75 

Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp 

80 85 90 

Phe Thr Leu Lys He Ser Arg Val Glu Ala Glu Asp Val Gly Val 



95 100 105 

Tyr Tyr Cys Ser Gin Ser Thr His Val Pro Trp Thr Phe Gly Gin 
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110 115 120 

Gly Thr Lys Val Glu lie Lys Arg Thr Val Ala Ala Pro Ser Val 

125 130 135 

Phe lie Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala 

140 145 150 

Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys 

155 160 165 

Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin 

170 175 180 

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu 

185 190 195 

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys 

200 205 210 

Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val 

215 

Thr Lys Ser Phe Asn Arg Gly Glu Cys (SEQ ID NO:ll}. 

A preferred heavy chain for a humanized antibody of the present invention has the 
amino acid sequence: 

15 10 15 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 

20 25 30 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 

35 40 45 

Arg Tyr Ser Met. Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 



50 55 60 

Glu .Leu Val Ala Gin lie Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr 
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65 70 75 

Pro Asp Thr Val Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala 

80 85 90 

Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 

95 100 105 

Thr Ala Val Tyr Tyr Cys Ala Ser Gly Asp Tyr Trp Gly Gin Gly 

110 115 120 

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val 

125 1 130 135 

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala 

140 145 150 

Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr 

155 160 165 

Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe 

170 175 180 

Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val 

185 190 195 

Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr He Cys 

200 205 210 

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val 

215 220 225 

Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro 



230 235 240 

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 



245 250 255 

Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val Thr 
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260 265 270 

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe 

275 280 285 

Asn Trp Tyr Val Asp Gly Val Glu Val His Asrx Ala Lys Thr Lys 

290 295 300 

Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val 

305 310 315 

Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 

320 325 330 

Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro He Glu Lys Thr 

335 340 345 

He Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 

350 355 360 

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu 

365 370 375 

Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu 

380 385 390 

Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro 

395 400 405 

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu 

410 415 420 

Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 

425 430 435 

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser 



440 

Leu Ser Leu Ser Pro Gly Lys 
wherein: 



<SEQ ID NO: 12) 
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Xaa at position 56 is any amino acid, provided that if Xaa at position 57 is neither 
Asp nor Pro and Xaa at position 59 is Ser or Thr, then Xaa at position 56 is not 
Asn; 

Xaa at position 57 is any amino acid, provided that if Xaa at position 56 is Asn 
and Xaa at position 58 is Ser or Thr, then Xaa at position 57 is Asp or Pro; and 

Xaa at position 58 is any amino acid, provided that if Xaa at position 56 is Asn 
and Xaa at position 57 is neither Asp nor Pro, then Xaa at position 58 is neither 
Ser nor Thr. 

Preferred deglycosylated 266 antibodies having the heavy variable region 
according to SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:12 are those wherein: 
Xaa at position 56 is selected from the group consisting of Ala, Gly, His, Asn, 
Gin, Ser, and Thr, provided that if Xaa at position 58 is Ser or Thr, then Xaa at 
position 56 is not Asn; 

Xaa at position 57 is selected from the group consisting of Ala, Gly, His, Asn, 
Gin, Ser, and Thr; and 

Xaa at position 58 is selected from the group consisting of Ala, Gly, His, Asn, 
Gin, Ser, and Thr, provided that if Xaa at position 56 is Asn, then Xaa at position 
58 is neither Ser nor Thr. 

Preferred sequences for CDR2 (positions 56, 57, and 58) of the heavy chain SEQ 
ID NO:8, SEQ ID NO: 1 0, and SEQ ID NO:12 include those in which only a single amino 
acid is changed, those in which only two amino acids are changed, or all three are 
changed. It is preferred to replace Asn at position 56. It is preferred to replace Thr at 
position 58 with an amino acid other than Ser. It is preferred to destroy the N- 
glycosylation site in the CDR2 of the 266 heavy chain by means other than replacing Ser 
at position 57 with Pro or Asp. Conservative substitutions at one, two, or all three 
positions are preferred. The most preferred species are those in which Asn at position 56 
is replaced with Ser or Thr. Particularly preferred antibodies are those in which Ser or 
Thr is at position 56, Ser is at position 57, and Thr is at position 58 of SEQ ID NO:8, 
SEQ ID NO: 10, or SEQ ID NO:12. 
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The most preferred species are antibodies comprising a light chain of SEQ ID 
NO:l 1 and a heavy chain of SEQ ID NO: 12, wherein in SEQ ID NO:12, Xaa at position 
56 is Ser, Xaa at position 57 is Ser, and Xaa at position 58 is Thr ("N56S"), or wherein in 
SEQ ID NO: 12, Xaa at position 56 is Thr, Xaa at position 57 is Ser, and Xaa at position 

58 is Thr ("N56T"). 

Other sequences are possible for the light and heavy chains for the humanized 
antibodies of the present invention and for humanized 266. The immunoglobulins can 
have two pairs of light chain/heavy chain complexes, at least one chain comprising one or 
more mouse complementarity determining regions functionally joined to human 
framework region segments. 

In another aspect, the present invention is directed to recombinant polynucleotides 
encoding antibodies which, when expressed, comprise the heavy and light chain CDRs 
from an antibody of the present invention. Exemplary polynucleotides, which on 
expression code for the polypeptide chains comprising the heavy and light chain CDRs of 
the present invention are given in Figures 1-7. Reversal of the noted heavy chain 
changes (Figures 2-6) that produce humanized antibody 266 variants N56S and N56T 
provides humanized antibody 266 with the CDR2 N-glycosylation site intact. Due to 
codon degeneracy, other polynucleotide sequences can be readily substituted for those 
sequences. Particularly preferred polynucleotides of the present invention encode 
antibodies, which when expressed, comprise the CDRs of SEQ ID NO: 1-4 and 6, and 
SEQIDNO:5, 13, 14, 15, 16or 17, or any of the variable regions of SEQ ID NO:7- 
SEQ ID NO: 1 0, or the light and heavy chains of SEQ ID NO: 1 1 and SEQ ID NO: 1 2. 

The polynucleotides will typically further include an expression control 
polynucleotide sequence operably linked to the humanized immunoglobulin coding 
sequences, including naturally-associated or heterologous promoter regions. Preferably, 
the expression control sequences will be eukaryotic promoter systems in vectors capable 
of transforming or transfecting eukaryotic host cells, but control sequences for 
prokaryotic hosts may also be used. Once the vector has been incorporated into the 
appropriate host cell line, the host cell is propagated under conditions suitable for 
expressing the nucleotide sequences, and, as desired, the collection and purification of the 
light chains, heavy chains, light/heavy chain dimers or intact antibodies, binding 
fragments or other immunoglobulin forms may follow. 
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The nucleic acid sequences of the present invention capable of ultimately 
expressing the desired humanized antibodies can be formed from a variety of different 
polynucleotides (genomic or cDNA, RNA, synthetic oligonucleotides, etc.) and 
components (e.g., V, J, D, and C regions), using any of a variety of well known 
techniques. Joining appropriate genomic and synthetic sequences is a common method of 
production, but cDNA sequences may also be utilized. 

Human constant region DNA sequences can be isolated in accordance with well 
. known procedures from a variety of human cells, but preferably from immortalized B- 
cells. Suitable source cells for the polynucleotide sequences and host cells for 
immunoglobulin expression and secretion can be obtained from a number of sources well- 
known in the art. 

In addition to the humanized immunoglobulins specifically described herein, other 
"substantially homologous" modified immunoglobulins can be readily designed and 
manufactured utilizing various recombinant DNA techniques well known to those skilled 
in the art. For example, the framework regions can vary from the native sequences at the 
primary structure level by several amino acid substitutions, terminal and intermediate 
additions and deletions, and the like. Moreover, a variety of different human framework 
regions may be used singly or in combination as a basis for the humanized 
immunoglobulins of the present invention. In general, modifications of the genes may be 
readily accomplished by a variety of well-known techniques, such as site-directed 
mutagenesis. 

Alternatively, polypeptide fragments comprising only a portion of the primary 
antibody structure may be produced, which fragments possess one or more 
immunoglobulin activities (e.g., complement fixation activity). These polypeptide 
fragments may be produced by proteolytic cleavage of intact antibodies by methods well 
known in the art, or by inserting stop codons at the desired locations in vectors using site- 
directed mutagenesis, such as after CHI to produce Fab fragments or after the hinge 
region to produce F(ab*)2 fragments. Single chain antibodies may be produced by joining 
VL and VH with a DNA linker. 

As stated previously, the polynucleotides will be expressed in hosts after the 
sequences have been operably linked to (i.e., positioned to ensure the functioning of) an 
expression control sequence. These expression vectors are typically replicable in the host 
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organisms either as episomes or as an integral part of the host chromosomal DNA. 
Commonly, expression vectors will contain selection markers, e.g., tetracycline or 
neomycin, to permit detection of those cells transformed with the desired DNA 
sequences. Expression vectors for these cells can include expression control sequences, 
such as an origin of replication, a promoter, an enhancer, and necessary processing 
information sites, such as ribosome binding sites, RNA splice sites, polyadenylation sites, 
and transcriptional terminator sequences. Preferred expression control sequences are 
promoters derived from immunoglobulin genes, SV40, Adenovirus, Bovine Papilloma 
Virus, cytomegalovirus and the like. 

The vectors containing the polynucleotide sequences of interest (e.g., the heavy 
and light chain encoding sequences and expression control sequences) can be transferred 
into the host cell by well-known methods, which vary depending on the type of cellular 
host. A variety of hosts may be employed to express the antibodies of the present 
invention using techniques well known in the art. Mammalian tissue cell culture is 
preferred, especially using, for example, CHO, COS, Syrian Hamster Ovary, HeLa, 
myeloma, transformed B-cells, human embryonic kidney, or hybridoma cell lines. 

Once expressed, the antibodies can be purified according to standard procedures. 
Substantially pure immunoglobulins of at least about 90 to 95% homogeneity are 
preferred, and 98 to 99% or more homogeneity most preferred, for pharmaceutical uses. 
Once purified, partially or to homogeneity as desired, the polypeptides may then be used 
therapeutically or prophylactically, as directed herein. 

The antibodies (including immunologically reactive fragments) are administered 
to a subject at risk for or exhibiting A|3-related symptoms or pathology such as clinical or 
pre-clinical Alzheimer's disease, Down's syndrome, or clinical or pre-clinical amyloid 
angiopathy, using standard administration techniques, preferably peripherally (i.e. not by 
administration into the central nervous system) by intravenous, intraperitoneal, 
subcutaneous, pulmonary, transdermal, intramuscular, intranasal, buccal, sublingual, or 
suppository administration. Although the antibodies may be administered directly into 
the ventricular system, spinal fluid, or brain parenchyma, and techniques for addressing 
these locations are well known in the art, it is not necessary to utilize these more difficult 
procedures. The antibodies of the invention are effective when administered by the more 
simple techniques that rely on the peripheral circulation system. The advantages of the 
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present invention include the ability of the antibody to exert its beneficial effects even 
though not provided directly to the central nervous system itself In addition, humanized 
antibodies used in the invention, when administered peripherally, do not need to elicit a 
cellular immune response in brain when bound to peptide or when freely circulating 
to have their beneficial effects. Further, when administered peripherally they do not need 
to appreciably bind aggregated AP peptide in the brain to have their beneficial effects. 
Indeed, it has been demonstrated that the amount of antibody that crosses the blood-brain 
barrier is <0. 1 % of plasma levels. 

The pharmaceutical compositions for administration are designed to be 
appropriate for the selected mode of administration, and pharmaceutically acceptable 
excipients such as, buffers, surfactants, preservatives, solubilizing agents, isotonicity 
agents, stabilizing agents and the like are used as appropriate. Remington's 
Pharmaceutical Sciences, Mack Publishing Co., Easton PA, latest edition, incorporated 
herein by reference, provides a compendium of formulation techniques as are generally 
known to practitioners. 

The concentration of the humanized antibody in formulations from as low as 
about 0.1% to as much as 15 or 20% by weight and will be selected primarily based on 
fluid volumes, viscosities, and so forth, in accordance with the particular mode of 
administration selected. Thus, a pharmaceutical composition for injection could be made 
up to contain in 1 mL of phosphate buffered saline from 1 to 100 mg of the humanized 
antibody of the present invention. The formulation tould be sterile filtered after making 
the formulation, or otherwise made microbiologically acceptable. A typical composition 
for intravenous infusion could have a volume as much as 250 mL of fluid, such as sterile 
Ringer's solution, and 1-100 mg per mL, or more in antibody concentration. Therapeutic 
agents of the invention can be frozen or lyophilized for storage and reconstituted in a 
suitable sterile carrier prior to use. Lyophilization and reconstitution can lead to varying 
degrees of antibody activity loss (e.g. with conventional immune globulins, IgM 
antibodies tend to have greater activity loss than IgG antibodies). Dosages may have to 
be adjusted to compensate. The pH of the formulation will be selected to balance 
antibody stability (chemical and physical) and comfort to the patient when administered. 
Generally, pH between 4 and 8 is tolerated. 
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Although the foregoing methods appear the most convenient and most appropriate 
for administration of proteins such as humanized antibodies, by suitable adaptation, other 
techniques for administration, such as transdermal administration and oral administration 
may be employed provided proper formulation is designed. In addition, it may be 
desirable to employ controlled release formulations using biodegradable films and 
matrices, or osmotic mini-pumps, or delivery systems based on dextran beads, alginate, or 
collagen. In summary, formulations are available for administering the antibodies of the 
invention and are well-known in the art and may be chosen from a variety of options. 
Typical dosage levels can be optimized using standard clinical techniques and will be 
dependent on the mode of administration and the condition of the patient 

The following examples are intended to illustrate but not to limit the invention. 
The examples hereinbelow employ, among others, a murine monoclonal antibody 
designated "266" which was originally prepared by immunization with a peptide 
composed of residues 13-28 of human Ap peptide. The antibody was confirmed to 
immunoreact with this peptide. The preparation of this antibody is described in U.S. 
patent 5,766,846, incorporated herein by reference. As the examples here describe 
experiments conducted in murine systems, the use of murine monoclonal antibodies is 
satisfactory. However, in the treatment methods of the invention intended for human use, 
humanized forms of the antibodies of the present invention, or fragments thereof, are 
preferred. 

Example 1 

Effect of administration of antibody 266 on cognition in 24-month old transgenic. 

hemizvgous PDAPP mice 
Sixteen hemizygous transgenic mice (APP™ 71 *) were used. The mice were 
approximately 24 months old at the start of the study. All injections were intraperitoneal 
(i.p.). Half the mice received weekly injections of phosphate buffered saline (PBS, 
"Control") and the other half received 355 micrograms of mouse antibody 266 dissolved 
in PBS. Injections were made over a period of seven weeks (42 days) for a total of six 
injections. Three days following the last injection, the behavior of the animals was 
assessed using an object recognition task, essentially as described in J.-C. Dodart, et al, 
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Behavioral Neuroscience, 113 (5) 982-990 (1999). A recognition index (T B x 100)/(T B - 
T ) was calculated Results are shown below in Table 1. 



Table 1. Descriptive statistics for recognition index 

Recognition Index (minutes) 





N 


Mean 


Standard 
Deviation 


Standard 
Error 


Control (PBS) 


8 


71.2** 


8.80 


3.11 


Antibody 266 


8 


54.35 


7.43 


2.62 



**p=0.0010 

Administration of 355 micrograms of antibody 266 weekly to 24 month old, 
hemizygous, transgenic mice was associated with a significant change in behavior. 
Antibody treated transgenic mice had recognition indices which were similar to wildtype 
control animals [J.-C. Dodart, et at\. The difference in the recognition index was 
statistically significant at the 0.001 probability level. The increased recognition index is 
an indication that treatment with an antibody of the present invention will reverse the 
behavioral impairments that had been documented in this mouse model of Alzheimer's 
Disease. Therefore, the administration of the antibodies of the present invention, that 
bind Ap more avidly than mouse 266, will treat diseases such as Alzheimer's disease and 
Down's syndrome and will halt the cognitive decline typically associated with disease 
progression. 

The amyloid burden (% area covered by immunoreactive material after staining 
with anti-AP antibodies 3D6 or 21F12) was quantified in the cortex immediately 
overlying the hippocampus including areas of the cingulate and parietal cortex from the 
brains of the 24 month-old animals treated with mouse antibody 266 for seven weeks, as 
described above. The results are presented in the table below. The differences between 
the treatment groups are not statistically significant. 

Table 2. Amyloid plaque burden in APP V717F *' mice following treatment with 

mouse 266 anti-Ap antibody 

Plaque Burden (%) 
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Using 3D6 


Using 21F12 






Mean 


Standard 


Mean 


Standard 




N 




Error 




Error 


Control (PBS) 


7 


44.3 


5.93 


0.77 


0.14 


Antibody 266 


8 


38.0 


2.96 


0.93 


0.11 



For these very old animals, treatment with mouse antibody 266 did not result in a 
significantly different amyloid burden compared with the PBS-treated group, measured 
using either 3D6 or using 21F12. Furthermore, the Ap burden was substantially greater 
5 and significantly increased compared with the amyloid burden in younger animals (see 

below) who were not able to discriminate a novel object from a familiar one in the object 
recognition task. Most surprisingly, these results indicate that anti-Ap antibodies of the 
present invention will most likely also be able to reverse cognitive deficits without the 
need to reduce amyloid burden per se. 
10 % Example2 

Effect of administration of antibody 266 on cognition in young transgenic hemizveous 

PDAPP mice 

Fifty-four (54) homozygous, transgenic mice (APP V717F ) were used. Twenty-three 
(23) mice were approximately two months old at the start of the study. The remaining 

15 mice were approximately four months old at the start of the study. The duration of 

treatment was five months. Thus, at study termination, the mice were either 
approximately seven (7) months old or approximately nine (9) months old. 

All injections were intraperitoneal (i.p.)- Each mouse in "PBS" control groups 
received a weekly injection of phosphate buffered saline (PBS; 200 pL). Each mouse in 

20 the "IgG" control groups received a weekly injection of IgGlK isotype control 

(100 ^g/mouse/week). Each mouse in the "High Dose" groups received a weekly 
injection of 355 microgram of antibody 266 dissolved in PBS ("HD"). Each mouse in die 
"Low Dose" group received a weekly injection of 71 microgram of antibody 266 
dissolved in PBS ("LD"). Three days following the last injection, the behavior of the 

25 animals was assessed using an object recognition task, as described in Example 1 above, 

and a discrimination index was calculated as the difference between the time spent on a 
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novel object and the time spent on a familiar object Results are shown below in Table 3. 
The data are grouped by the age of the mice at the end of the study. 



Table 3. Descriptive statistics for discrimination index 

Discrimination Index (minutes) 





Mean 


Standard 
Deviation 


Standard 
Error 


7 months old 










PBS 




2.12 


4.22 


1.59 


IgG 




0.81 


3.64 


1.29 


HD 




10.04* 


6.52 


2.30 


9 months old 










PBS 




1.87 


3.54 


1.34 


IgG 




0.96 


3.51 


1.24 


LD 




10.75* 


6.44 


2.28 


HD 




12.06*** 


7.82 


2.76 



*p<0.05 



5 . ***p<0.0001 

Taken together these data support the conclusion that administration of antibody 
266 attenuates plaque deposition in 7-9 month old AP?™ 7 * transgenic mice, as well as 
reverses the behavioral impairments previously characterized. Treatment of patients with 
an antibody of the present invention will inhibit or prevent cognitive decline typically 

1 0 associated with disease progression, and will reverse it. 

Example 3 
Synthesis of Humanized Antibody 266 
Cells and antibodies . Mouse myeloma cell line Sp2/0 was obtained from ATCC 
15 (Manassas, VA) and maintained in DME medium containing 10% FBS (Cat # 

SH30071 .03, HyClone, Logan, UT) in a 37°C C0 2 incubator. Mouse 266 hybridoma 
cells were first grown in RPMI-1640 medium containing 10% FBS (HyClone), 10 mM 
HEPES, 2 mM glutamine, 0.1 mM non-essential amino acids, 1 mM sodium pyruvate, 25 
jig/ml gentamicin, and then expanded in serum-free media (Hybridoma SFM, Cat # 
20 12045-076, Life Technologies, Rockville, MD) containing 2% low Ig FBS (Cat # 
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30151.03, HyClone) to a 2.5 liter volume in roller bottles. Mouse monoclonal antibody 
266 (Mu266) was purified from the culture supernatant by affinity chromatography using 
a protein-G Sepharose column. Biotinylated Mu266 was prepared using EZ-Link Sulfo- 
NHS-LC-LC-Biotin (Cat # 21 338ZZ, Pierce, Rockford, DL). 

Cloning of variable region cDNAs. Total RNA was extracted from approximately 
10 7 hybridoma cells using TRIzol reagent (Life Technologies) and poly(A) + RNA was 
isolated with the PolyATract mRNA Isolation System (Promega, Madison, WI) according 
to the suppliers' protocols. Double-stranded cDNA was synthesized using the 
SMART™RACE cDNA Amplification Kit (Clontech, Palo Alto, CA) following the 
supplier's protocol. The variable region cDNAs for the light and heavy chains were 
amplified by polymerase chain reaction (PCR) using 3* primers that anneal respectively to 
the mouse kappa and gamma chain constant regions, and a 5 f universal primer provided in 
the SMART™RACE cDNA Amplification Kit. For VL PCR, the 3* primer has the 
sequence: 

5' -TATAGAGCTCAAGCTTGGATGGTGGGAAGATGGATACAGTTGGTGC-3 1 
[SEQEDNO:13] 

with residues 17- 46 hybridizing to the mouse Ck region. For VH PCR, the 3' primers 
have the degenerate sequences: 

A G T 

5 ' -TATAGAGCTCAAGCTTCCAGTGGATAGACCGATGGGGCTGTCGTTTTGGC- 

T 

[SEQIDNO:14] 

with residues 17-50 hybridizing to mouse gamma chain CHI . The VL and VH cDNAs 
were subcloned into pCR4Blunt-TOPO vector (Invitrogen, Carlsbad, CA) for sequence 
determination. DNA sequencing was carried out by PCR cycle sequencing reactions with 
fluorescent dideoxy chain terminators (Applied Biosystems, Foster City, CA) according 
to the manufacturer's instruction. The sequencing reactions were analyzed on a Model 
377 DNA Sequencer (Applied Biosystems). 

Construction of humanized 266 (Hu26ffl variable regions . The light and heavy 
chain variable region genes were constructed and amplified using eight overlapping 
synthetic oligonucleotides ranging in length from approximately 65 to 80 bases [He, X. 
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Y., etal., J. Immunol. 160: 029-1035 (1998)]. The oligonucleotides were annealed 
pairwise and extended with the Klenow fragment of DNA polymerase I, yielding four 
double-stranded fragments. The resulting fragments were denatured, annealed pairwise, 
and extended with Klenow, yielding two fragments. These fragments were denatured, 
annealed pairwise, and extended once again, yielding a full-length gene. The resulting 
product was amplified by PCR using the Expand High Fidelity PCR System (Roche 
Molecular Biochemicals, Indianapolis, IN). The PCR-amplified fragments were gel- 
purified and cloned into pCR4Blunt-TOPO vector. After sequence confirmation, the VL 
and VH genes were digested with MM and Xbal, gel-purified, and subcloned 
respectively into vectors for expression of light and heavy chains to make pVk-Hu266 
(Figure 8) and pVgl-Hu266 [Co, M. S., et al., J. Immunol. 148:1 149-1 154 (1992)]. The 
mature humanized 266 antibody expressed from these plasmids has the light chain of 
SEQ ID NO: 11 and the heavy chain of SEQ ID NO:12. 

Stable transfection . Stable transfection into mouse myeloma cell line Sp2/0 was 
accomplished by electroporation using a Gene Pulser apparatus (BioRad, Hercules, CA) 

r 

at 360 V and 25 \x¥ as described (Co et al., 1992). Before transfection, pVk-Hu266 and 
pVgl-Hu266 plasmid DNAs were linearized using Fspl. Approximately 10 7 Sp2/0 cells 
were transfected with 20 jig of pVk-Hu266 and 40 ng of pVgl-Hu266. The transfected 
cells were suspended in DME medium containing 10% FBS and plated into several 96- 
well plates. After 48 hr, selection media (DME medium containing 10% FBS, HT media 
supplement, 0.3 mg/ml xanthine and 1 ng/ml mycophenolic acid) was applied. 
Approximately 10 days after the initiation of the selection, culture supernatants were 
assayed for antibody production by ELISA as shown below. Higji yielding clones were 
expanded in DME medium containing 10% FBS and further analyzed for antibody 
expression. Selected clones were then adapted to growth in Hybridoma SFM. 

Measurement of antibody expression by ELISA . Wells of a 96-well ELISA plate 
(Nunc-Immuno plate, Cat # 439454, NalgeNunc, Naperville, IL) were coated with 100 \il 
of 1 ng/ml goat anti-human IgG, Fey fragment specific, polyclonal antibodies (Cat # 109- 
005-098, Jackson ImmunoResearch, West Grove, PA) in 0.2 M sodium carbonate- 
bicarbonate buffer (pH 9.4) overnight at 4°C. After washing with Washing Buffer (PBS 
containing 0.1% Tween 20), wells were blocked with 400 \il of Superblock Blocking 
Buffer (Cat # 37535, Pierce) for 30 min and then washed with Washing Buffer. Samples 
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containing Hu266 were appropriately diluted in ELISA Buffer (PBS containing 1% BSA 
and 0.1% Tween 20) and applied to ELISA plates (100 |iil per well). As a standard, 
humanized anti-CD33 IgGl monoclonal antibody HuM195 (Co, et al, 1992, above) was 
used. The ELISA plate was incubated for 2 hr at room temperature and the wells were 
washed with Wash Buffer. Then, 100 ^1 of 1/1,000-diluted HRP-conjugated goat anti- 
human kappa polyclonal antibodies (Cat # 1050-05, Southern Biotechnology, 
Birmingham, AL) in ELISA Buffer was applied to each well After iiicubating for 1 hr at 
room temperature and washing with Wash Buffer, 100 \il of ABTS substrate (Cat #s 
507602 and 506502, Kirkegaard and Perry Laboratories, Gaithersburg, MD) was added to 
each well. Color development was stopped by adding 100 jil of 2% oxalic acid per well. 
Absorbance was read at 415 nm using an OPTImax microplate reader (Molecular 
Devices, Menlo Park, CA). 

Purification of Hu266 . One of the high Hu266-expressing Sp2/0 stable 
transfectants (clone 1D9) was adapted to growth in Hybridoma SFM and expanded to 2 
liter in roller bottles. Spent culture supernatant was harvested when cell viability reached 
10% or below and loaded onto a protein-A Sepharose column. The column was washed 
with PBS before the antibody was eluted with 0.1 M glycine-HCl (pH 2.5), 0.1 M NaCl. 
The eluted protein was dialyzed against 3 changes of 2 liter PBS and filtered through a 
0.2 nm filter prior to storage at 4°C. Antibody concentration was determined by 
measuring absorbance at 280 nm (1 mg/ml = 1.4 A 28 o). SDS-PAGE in Tris-glycine buffer 
was performed according to standard procedures on a 4-20% gradient gel (Cat # EC6025, 
Novex, San Diego, CA). Purified humanized 266 antibody is reduced and run on an 
SDS- PAGE gel. The whole antibody shows two bands of approximate molecular weights 
25 kDa and 50 kDa. These results are consistent with the molecular weights of the light 
chain and heavy chain or heavy chain fragment calculated from their amino acid 
compositions. 

Example 4 

In vitro binding properties of humanized 266 antibody 
The binding efficacy of humanized 266 antibody, synthesized and purified as 
described above, was compared with the mouse 266 antibody using biotinylated mouse 
266 antibody in a comparative ELISA. Wells of a 96-well ELISA plate (Nunc-Immuno 
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plate, Cat # 439454, NalgeNunc) were coated with 100 \il of (3-amyloid peptide (1-42) 
conjugated to BSA in 0.2 M sodium carbonate/bicarbonate buffer (pH 9.4) (lOjig/mL) 
overnight at 4°C. The Api^2" BSA conjugate was prepared by dissolving 7.5 mg of 
A Pl-42- c y s 43 (C-tenninal cysteine AP1.42, AnaSpec) in 500 nL of dimethylsulfoxide, 
and then immediately adding 1,500 |iL of distilled water. Two (2) milligrams of 
maleimide-activated bovine serum albumin (Pierce) was dissolved in 200 pL of distilled 
water. The two solutions were combined, thoroughly mixed, and allowed to stand at 
room temperature for two (2) hours. A gel chromatography column was used to separate 
unreacted peptide from Apj^2- C y s - BSA conjugate. 

After washing the wells with phosphate buffered saline (PBS) containing 0.1% 
Tween 20 (Washing Buffer) using an ELISA plate washer, the wells were blocked by 
adding 300 \iL of SuperBlock reagent (Pierce) per well. After 30 minutes of blocking, 
the wells were washed Washing Buffer and excess liquid was removed. 

A mixture of biotinylated Mu266 (0.3 ng/ml final concentration) and competitor 
antibody (Mu266 or Hu266; starting at 750 fig/ml final concentration and serial 3-fold 
dilutions) in ELISA Buffer were added in triplicate in a final volume of 100 jil per well. 
As a no-competitor control, 100 p.1 of 0.3 jig/ml biotinylated Mu266 was added. As a 
background control, 100 |il of ELISA Buffer was added. The ELISA plate was incubated 
at room temperature for 90 min. After washing the wells with Washing Buffer, 100 |il of 
1 ng/ml HRP-conjugated streptavidin (Cat # 21 124, Pierce) was added to each well. The 
plate was incubated at room temperature for 30 min and washed with Washing Buffer. 
For color development, 100 jil/well of ABTS Peroxidase Substrate (Kirkegaard & Perry 
Laboratories) was added. Color development was stopped by adding 100 fiL/well of 2% 
oxalic acid. Absorbance was read at 415 nm. The absorbances were plotted against the 
log of the competitor concentration, curves were fit to the data points (using Prism) and 
the IC50 was determined for each antibody using methods well-known in the art. 

The mean IC50 for mouse 266 was 4.7 jig/mL (three separate experiments, 
standard deviation =1.3 |Llg/mL) and for humanized 266 was 7.5 [ig/mL (three separate 
experiments, standard deviation =1,1 |Lig/mL). A second set of three experiments were 
carried out, essentially as described above, and the mean IC50 for mouse 266 was 
determined to be 3.87 pg/mL (SD = 0.12|xg/mL) and for human 266, the IC50 was 
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determined to be 4.0 pig/mL (SD = 0.5 |ig/mL). On the basis of these results, we 
conclude that humanized 266 has binding properties that are very similar to those of the 
mouse antibody 266. Therefore, we expect that humanized 266 has very similar in vitro 
and, in vivo activities compared with mouse 266 and will exhibit in humans the same 
effects demonstrated with mouse 266 in mice. 

Example 5 

In vitro binding properties of mouse antibody 266 and humanized antibody 266 
Antibody affinity (KD = Kd / Ka) was determined using a BIAcore biosensor 
2000 and data analyzed with BIAevaluation (v. 3.1) software. A capture antibody (rabbit 
anti-mouse) was coupled via free amine groups to carboxyl groups on flow cell 2 of a 
biosensor chip (CMS) using N-ethyl-N-dimethylaminopropyl carbodiimide and N- 
hydroxysuccinimide (EDC/NHS). A non-specific rabbit IgG was coupled to flow cell 1 
as a background control. Monoclonal antibodies were captured to yield 300 resonance 
units (RU). Amyloid-beta 1-40 or 1-42 (Biosource International, Inc.) was then flowed 
over the chip at decreasing concentrations (i000 to 0.1 times KD). To regenerate the 
chip, bound anti-Ap antibody was eluted from the chip using a wash with glycine-HCl 
(pH 2). A control injection containing no amyloid-beta served as a control for baseline 
subtraction. Sensorgrams demonstrating association and dissociation phases were 
analyzed to determine Kd and Ka. Using this method, the affinity of mouse antibody 266 
for both APi-40 md for A Pl-42 was found t0 be 4 P M - ^ afBnit y of humanized 266 
for Ap i_42 was f ound t0 b e 4 pM. 

Example 6 

Synthesis of Deglvcosvlated Humanized Antibody 266 Variants N56S and N56T 
Site-directed mutagenesis . Site-directed mutagenesis was performed using the 
QuikChange XL Site-Directed Mutagenesis Kit (Cat # 200517, Stratagene, La Jolla, CA). 
To generate N56S and N56T variants in the VH CDR2 of Hu266, a pair of 
oligonucleotide primers containing the desired nucleotide substitution was designed 
according to the manufacturer's instructions. The primers were extended with PJuTurbo 
DNA polymerase using pVgl -Hu266 plasmid DNA as a template. The resulting product 
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was treated with Dpn I endonuclease specific for methylated and hemimethylated DNA to 
digest the parental template. The resulting variant plasmids pVgl-Hu266 N56S and 
pVgl-Hu266 N56T were confirmed by sequencing. 

Cell culture . Mouse myeloma cell line Sp2/0-Agl4 (referred to as Sp2/0 in this 
document; Cat #CRL-1581, ATCC, Manassas, VA) was grown in DME medium 
containing 10% FBS (Cat # SH32661 .03, Lot # AKE1 1827, HyClone, Logan, UT) in a 
37°C C0 2 incubator. Selection for gpt expression was performed with DME medium 
containing 10% FBS, HT media supplement (Cat # H-0137, Sigma, St. Louis, MO), 0.3 
mg/ml xanthine (Cat # X-3627, Sigma) and 1 ng/ml mycophenolic acid (Cat # 11814- 
019, Life Technologies, Rockville, MD). 

Stable transfection . To establish cell lines producing variant Hu266, stable 
transfection into Sp2/0 was accomplished in essentially the same manner as described in 
Example 3. ELISA analysis occurred approximately 7 days after initiation of selection. 

Measurement of antibody expression bv ELISA . See Example 3 for ELISA 

details. 

Sequencing of Hu266 light and variant heavy chain cDNA . Total RNA was 
isolated from approximately 2 x 10 7 hybridoma cells using TRIzol reagent (Life 
Technologies). First-strand cDNA was synthesized using total RNA as a template and 
random hexadeoxynucleotides as primers. The reaction was performed with Superscript 
II reverse transcriptase (Life Technologies) according to the supplier's protocol. DNA 
fragments containing the entire coding region of Hu266 light or variant heavy chain were 
amplified by PCR using 5' and 3* primers which bind to 5' and 3' non-coding regions, 
respectively. The amplified fragments were gel-purified and subjected to sequencing 
with appropriate primers. 

Purification of variant Hu266. See Example 3 for purification details. The 
following differences are noted for clarity. For each variant Hu266, clone A4 was for 
Hu266 N56S and clone D2 for Hu266 N56T. The column was washed with PBS before 
the antibody was eluted with 0.1 M glycine-HCl (pH 2.8), 0.1 MNaCl. After 
neutralization with 1 M TrisHCl (pH 8), the eluted protein was dialyzed against 3 changes 
of 2 liters PBS and filtered through a 0.2 urn filter prior to storage at 4°C. SDS-PAGE in 
MES buffer was performed according to standard procedures on a 4-12% NuPAGE gel 



WO 03/016466 



PCT/US02/21322 



39 

(Cat # NP0321 , Invitrogen). Gel staining was performed with the Colloidal Blue Staining 
Kit (Cat # LC6025, Invitrogen) according to the supplier's protocol. 

Example 7 

Comparative Binding of mouse 266. Humanized Antibody 266 Variants N56S and N56T 

ELISA competition . Wells of 96-well ELISA plates (Nunc-Immuno plate, Cat # 
439454, NalgeNunc) were coated with 100 \x\ of 3 jig/ml of BSA conjugated with □- 
amyloid peptide in 0.2 M sodium carbonate-bicarbonate buffer (pH 9.4) overnight at 4°C, 
washed with Wash Buffer, blocked with Superblock blocking buffer for 30 min at room 
temperature, and washed again with Wash Buffer. A mixture of biotinylated Mu266 (0.6 
Hg/ml final concentration) and competitor antibody (Mu266 or variant Hu266; typically 
starting at 750 jig/ml final concentration with serial 3-fold dilutions) in ELISA Buffer 
were added in triplicate in a final volume of 100 nl per well. As a no-competitor control, 
100 jil of 0.6 jLtg/ml biotinylated Mu266 was used. As a background control, 100 pi of 
ELISA Buffer was used. ELISA plates were incubated at room temperature for 2 hr. 
After washing the wells with Washing Buffer, 100 \il of 10 ng/ml HRP-conjugated 
streptavidin (Cat # 21 124, Pierce) was added to each well. ELISA plates were incubated 
at room temperature for 30 min and washed with Washing Buffer. For color 
development, 100 ^1/well of ABTS substrate was added. Color development was stopped 
by adding 100 ^I/well of 2% oxalic acid. Absorbance was read at 415 nm. 

The affinities of Mu266, the original Hu266 (wild-type), Hu266 N56S and Hu266 
N56T to (3-amyloid peptide were compared by competition ELISA. Mu266, wild-type 
Hu266, Hu266 N56S and Hu266 N56T were competed with biotinylated Mu266 in a 
concentration-dependent manner. Hu266 N56S and Hu266 N56T showed affinities 
higher than Mu266 and the original Hu266. The IC 5 o values of Mu266, Hu266 N56S and 
Hu266 N56T were obtained in three independent experiments for each variant. The 
values were calculated using the computer software Prism (GraphPad Software Inc., San 
Diego, CA) and are shown in Table 4. The relative binding affinities of Hu266 N56S and 
Hu266 N56T were on average 6.2-fold and 5.8-fold greater than that of Mu266, 
* respectively. This represents a significant increase in affinity of the deglycosylated, 
variant humanized antibodies compared with the glycosylated (at position 56) mouse 
antibody. 
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Table 4. Summary of ELIS A competition experiments 



IC 5 o (Hg/ml) 



Competitor 


Exp. I 


Exp. II 


Exp. Ill 


Average 


Std. Dev. 


Mu266 


3.8 


4.5 


6.1 


4.8 


0.96 


Hu266 N56S 


0.43 


0.92 


1.0 


0.78 


0.25 


Difference 


8.8 fold 


4.9 fold 


6.1 fold 


6.2 fold 





IC 50 (Hg/ml) 



Competitor 


Exp. I 


Exp.H 


Exp. Ill 


Average 


Std. Dev. 


Mu266 


4.3 _j 


6.4 


6.4 


5.7 


0.99 


Hu266N56T 


0.68 


1.2 


1.1 


0.99 


0.23 


Difference 


6.3 fold 


5.3 fold 


5.8 fold 


5.8 fold 





Example 8 

Affinity of Humanized Antibody 266 Variant N56S and NS6T 
Antibody affinity (KD = Kd / Ka) was determined using a BIAcore biosensor 
2000 and data analyzed with BIAevaluation (v. 3.1) software in essentially the same 
manner as described in Example 5. ELIS A experiments were conducted in essentially the 
same manner as described in Example 7. 

The data below show that the deglycosylated humanized antibody variants (N56S, 
N56T) have significantly better affinity than the glycosylated form (h266). While 
interanalysis variations exist, these differences have no significant affect on the relative 
affinity improvement demonstrated for these deglycosylated variants over the 
glycosylated form. 

Affinity - BIAcore 



KD 



N56S 
H266 


2.5 
7.2 


N56T 
h266 


1.87 
3.47 



Competitive Binding (IC50, ng/mL) - ELlSA 





Mean 


S.D. 


N 


N56S 


1.9 


0.2 


3 


Hu266 


7.2 


1.9 


3 
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1 - _ - — 1 

| Mu266 


7.6 | 


1.4 | 


3| 


N56T 


3.1 


0.9 


3 


Hu266 


13.0 


2.6 


3 


Mu 266 


14.0 


2.6 


3 


N56S 


0.43 






Mu266 


3.80 






N56S 


1.0 






N56T 


1.0 






Hu266 


5.0 






Mu266 


7.1 







Example 9 

Determination of glvcosvlation at position 56 of the heaw chain of h umanized antibody 

266 

For each of two lots of humanized 266 that had been expressed and purified 
essentially as described above, a sample was prepared containing approximately 100 p,g 
antibody. Each sample was reduced by adding 50 mg urea, 5 pL of 50 mg/mL DTT and 
10 pLof 3 M tris buffer, pH 8.0 and incubating at 37°C for 30 min. The protein was 
alkylated by adding 20 pL of 50 mg/mL iodoacetamide solution and incubating at room 
temperature in the dark for 30 min. The solution was desalted on 1 mL spin column 
packed with P-6 resin. The desalting columns were washed and eluted with 0.025 M 
NH4HCO3 buffer. About 250 pL of protein fraction was collected for each sample. Each 
protein fraction was mixed with 2 to 3 pL of 1 mg/mL trypsin solution, and then the 
mixture was incubated at 37°C for about 2.5 hours. The remaining trypsin activity was 
quenched by heating the solution at 100°C for 3 minutes. For desialylated samples, 10 
jiL of tryptic digests of each sample was mixed with 7 pL of 0.15% formic acid in water 
and 2 pL of neuraminidase (a. u.) solution (1 unit/mL). The mixture was incubated at 
37°C for 1 to 3 hours before HPLC/MS analysis. For de-N-glycosylated sample, 10 pL 
of tryptic digest was treated with 1 pL of N-glycosidase F at 37°C for 3 hours. 

All the solutions were directly analyzed by capillary HPLC/MS with the following 
conditions: HPLC was an HP1100; Column: Zorbax C8, 2.1x150mm or Vydac C18, 
0.3x150 mm; Temperature: ambient; Flow rate: 200 pL/min for Zorbax, 5-10 pL/min for 
C18; Injection volume: 10 pL after 1:1 dilution or original solution; HPLC solvents: A - 
0.15% formic acid in H 2 0, B - 0.12% formic acid in ACN; Gradient (time, %B): (0,2), 
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(40,50), (43,90), (45,90), (46,2), (50,2); mass spectrometry: API 150EX MASS SPEC 03, 
step 0.333, DP 25 V, IS V 5000 V, and FP 250 V. 

In both lots analyzed, two peaks were found to contain glycopeptides. After de- 
N-glycosylation, new peptide masses, 1189.6 and 1672.5, in one of the peaks (eluted 
around 13 minutes) were found. These two masses match the heavy chain 288-296 and 
284-296 (expected masses after de-N-glycosylation: 1 190.2 and 1672.8). In the other 
peak (eluted about 26 minutes) a hew peptide mass, 2369.4, was found after de-N- 
glycosylation. This mass matches the heavy chain peptide 44-65. Hence, the potential 
glycosylation sites, Asn 56 and 292 of the heavy chain were glycosylated; No clear peaks 
were found on the reconstructed ion chromatograms of peptides 288-296 and 44-65 from 
HPLC/MS analysis of tryptic digests. The results indicated that the Asn 56 site was fully 
glycosylated for both lots of humanized 266 antibody. 



WO 03/016466 



PCT/US02/21322 



43 

We claim: 

1 . An antibody, or fragment thereof, comprising a light chain and a heavy 
chain, wherein the light chain comprises the three light chain complementarity 
determining regions (CDRs) from mouse monoclonal antibody 266 (SEQ ID NO: 1-3), 
and wherein the heavy chain comprises heavy chain CDR1 and CDR3 from mouse 
monoclonal antibody 266 (SEQ ID NO: 4 and 6, respectively), and a heavy chain CDR2 
having the sequence given by SEQ ID NO:5 : 

is io 15 

Gin He Asn Ser Val Gly Xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys Gly 

(SEQIDNO:5) 

wherein, 

Xaa at position 7 of SEQ ID NO:5 is any amino acid, provided that if Xaa at 
position 8 is neither Asp nor Pro and Xaa at position 9 is Ser or Thr, then Xaa at 
position 7 is not Asn; 

Xaa at position 8 of SEQ ID NO:5 is any amino acid, provided that if Xaa at 
position 7 is Asn and Xaa at position 9 is Ser or Thr, then Xaa at position 8 is Asp 
or Pro; and 

Xaa at position 9 of SEQ ID NO:5 is any amino acid, provided that if Xaa at 
position 7 is Asn and Xaa at position 8 is neither Asp nor Pro, then Xaa at position 
9 is neither Ser nor Thr. 

2. The antibody or fragment of Claim 1, wherein: 

Xaa at position 7 of SEQ ID NO:5 is selected from the group consisting of Ala, 
Gly, His, Asn, Gin, Ser, and Thr, provided that if Xaa at position 9 is Ser or Thr, 
then Xaa at position 7 is not Asn; 

Xaa at position 8 of SEQ ID NO:5 is selected from the group consisting of Ala, 
Gly, His, Asn, Gin, Ser, and Thr; and 
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Xaa at position 9 of SEQ ID NO:5 is selected from the group consisting of Ala, 
Gly, His, Asn, Gin, Ser, and Thr, provided that if Xaa at position 7 is Asn, then 
Xaa at position 9 is neither Ser nor Thr. 

3. The antibody or fragment of Claim 2, wherein Xaa at position 7 of SEQ ID 
NO:5 is Ala, Gly, His, Gin, Ser, or Thr, or His, Xaa at position 8 is Ser, and Xaa at 
position 9 is Thr. 

4. The antibody or fragment of Claim 3, wherein Xaa at position 7 of SEQ ID 
NO:5 is Ser or Thr, Xaa at position 8 is Ser, and Xaa at position 9 is Thr. 

5. The antibody or fragment of either one of Claims 1 or 2, wherein Xaa at 
position 8 of SEQ ID NO:5 is Ser aiid Xaa at position 9 is Thr. 

6. The antibody or fragment of either one of Claims 1 or 2, wherein Xaa at 
position 7 of SEQ ID NO:5 is Asn and Xaa at position 8 is Ser. 

7. The antibody or fragment of claim 1 having a light chain variable region of 
the sequence given by SEQ ID NO:7 and a heavy chain variable region given by SEQ ID 
NO:8. 

8. The antibody or fragment thereof of claim 7 having a light chain variable 
region of the sequence given by SEQ ID NO:9 and a heavy chain variable region given by 
SEQIDNO:10. 

9. The antibody or fragment thereof of claim 8 having a light chain of the 
sequence given by SEQ ID NO:l 1 and a heavy chain of the sequence given by SEQ ID 
NO:12. 

10. The antibody or fragment of any one of Claims 7-9, wherein in the heavy 

chain: 
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Xaa at position 56 is selected from the group consisting of Ala, Gly, His, Asn, 
Gin, Ser, and Thr, provided that if Xaa at position 58 is Ser or Thr, then Xaa at 
position 56 is not Asn; 

Xaa at position 57 is selected from the group consisting of Ala, Gly, His, Asn, 
Gin, Ser, and Thr, and 

Xaa at position 58 is selected from the group consisting of Ala, Gly, His, Asn, 
Gin, Ser, and Thr, provided that if Xaa at position 56 is Asn, then Xaa at position 
58 is neither Ser nor Thr." 

1 1 . The antibody or fragment of Claim 1 0, wherein in the heavy chain Xaa at 
position 56 is Ala, Gly, His, Gin, Ser, or Thr, Xaa at position 57 is Ser, and Xaa at 
position 58 is Thr. 

12. The antibody or fragment of Claim 1 1 , wherein in the heavy chain Xaa at 
position 56 is Ser or Thr, Xaa at position 57 is Ser, and Xaa at position 58 is Thr. 

13. The antibody or fragment of any one of Claims 7-12, wherein in the heavy 
chain Xaa at position 57 is Ser and Xaa at position 58 is Thr. 

14. The antibody or fragment of any one of Claims 7-12, wherein in the heavy 
chain Xaa at position 56 is Asn and Xaa at position 57 is Ser. 

15. An antibody fragment obtainable by enzymatic cleavage of the antibody of 
any one of claims 1-14. 

16. An antibody fragment of any one of claims 1-15 which is an Fab or F(ab')2 
fragment. 

17. An antibody fragment of any one of claims 1-15, which is an F(ab f )2 
fragment. 
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18. An antibody fragment of any one of claims 1-15, which is an Fab 
fragment. 

19. The antibody or fragment of any one of claims 1-18 that is an IgGj 
immunoglobulin isotype. 

20. The antibody or fragment of any one of claims 1-19, wherein the 
antibody or fragment thereof is produced in a host cell selected from the group consisting 
of a myeloma cell, a Chinese hamster ovary cell, a syrian hamster ovary cell, and a human 
embryonic kidney cell. 

21. A polynucleotide compound, comprising a sequence coding for the light 
chain or the heavy chain of the antibody or fragment of any one of claims 1 - 19, or a 
fragment thereof. 

22. A polynucleotide sequence, which when expressed in a suitable host cell, 
yields a light chain or a heavy chain of the antibody of any one of claims 1 - 20, or a 
fragment thereof. 

23. An expression vector for expressing the antibody of any one of claims 1 - 
19 comprising the polynucleotide sequence of any one of claims 21-22. 

24. A cell transfected with the expression vector of claim 23. 

25. A cell transfected with two expression vectors of claim 23, wherein a first 
vector comprises the polynucleotide sequence coding for the light chain and a second 
vector comprises the sequence coding for the heavy chain. 

26. A cell that is capable of expressing a humanized antibody of any one of 
claims 1-19. 
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27. The cell of any one of claims 24-26, wherein the cell is selected from the 
group consisting of a myeloma cell, a Chinese hamster ovary cell, a Syrian hamster ovary 
cell, and a human embryonic kidney cell. 

28. A pharmaceutical composition that comprises the humanized antibody or 
fragment of any one of claims 1-19, and a pharmaceutically acceptable excipient. 
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FIG. 1 



619 ACGCXSTCCACCATGAAGTTGCCTGTTAGGCT^ 

MKLPVRLLVLMFWI PASRCfiVVM 

699 acccagagcccactctccctgcctgtcaccx:ttgg^ 

tqsplslpvtlgqpasiscrssqsliy 
779 tagtgatggaaacgcctatttacattggttc 

S D G N A Y L H W FLQKPGQSPRI*LI YKVSN 

859 ACCGATTTTCTOGGGTCCCAGACAGGTTCAG 

RF S GV PDRFS GS GSGTDFT L KI SRVE 
939 GCCGAGGATGTGGGAGTTTATTACTGTTCTCAAAGTACACATCTTC 

AEDVGVYYCSQSTHVPWT FGQGTKVEI 
1019 (XiAACGTGAQTAGAATTTAATCTAGAAATTCTAAACTCTGAGGGGG 

K R 

1099 GAGTTTACTGCAAGGTCAQAAAAGCATGCAAAGCCCTCAGA^ 

1179 ATTAAGGAATAGGGGGAAGCTAGGAAGAAACTCA^ TTTTAAATACGCTTCTTGGTCTCCTTGCTATAA TT 

1259 ATCTGGGATAAGCATGCTGTTTTCTGTCtt 

133 9 CTTTGTTACTTAAACACCATCCTGTTTGCTTCTT^ 

TVAAPSVFIFP PS 

1419 C1GATGAGCAGTTGAAATCTGGAACTGCCTCTO 

DEQLKSGTASVVCL LNNFY PREAKVQ 
14 99 TGGAAGGTGGATAACGCCCTCCAATCXSGGTAACTCCCAGGAGAGTGTC^ 

WKVDNALQSGNSQESVTBQDSKDSTYS 
1579 COTCAGCAGCACCCTGACX3CTGAGCAAAGCAGA 

LSSTLTLSKADYEKHKVYACEVTHQGL 
1659 TGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAGAGGGAGAA 

SSPVTK SFNRGEC* 
173 9 CTGACCCCCTCCCATCCTTTGGCCTCTGACCCTTTTTCCACAGGGGA 
1819 CACCTCACCCCCCTCCTCCTCCTTGGCTTTAATTATGCTAATGTO 

1899 CTGTGGTTT CTCTCTTTCCTCATTT AATAATTATT ATCTGT TGTTTTACCAAC TACT CAATTTCT CTTATAAGGGACTAA 

1979 ATATGTAGTCATCCTAAGGCGCATAACC^TTTATAAAAATCATCCTTCATTCTATTTTA 

2059 AGTCCTCCCTOtfU^CCCACAAGCXrrT 

2139 CCTCCTGAGCAAGCCCT<^TAGTCCT 

2219 ATCAACCAAAGCAAATTTTTCAAAAGAAGAAACCTGCT^ 

2299 ACAATAAAAGCAATTAAATAAACAAACAATAGGGAAATGTTTA^ 

2379 CCTTATTTACATTTTTAAACAGGTACTG^ 

2459 AATCCRCACrATACIK3TGAGATTAAAAACATTCATTAAAA 

2539 TATAACTCAGCAATCCCACTTCTAGGATCC 
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FIG. 2 



619 ACXjCGTCCACCATGAATTTCGGGCTCAGCTT^ 

MNFGLSLI FLVLVLKGVLCEVQL 

699 GTGGAGTCTGGGGGAGGTTTAGTGCAGCCTGGAGGGT^ 

VESGGGLVQPGQSLRLSCAASGFTFSR 

779 GTATTO^TGTCTTGGGTTCGCCAGGCTCCAGG 

YSMSWVRQAPGKGL ELVAQINSVGgS 

859 CCTACTATCCAGACACTGTAAAGGGCCGATTCA 

TYY P D TVKG RFT I SR DNAKNTLYLQMN 

93 9 TCCCTGAGGGCCGAAGACACGGCCGTGTATTACTGTG 

SLRAEDTAjVYYCAS-GDYWGQ GTLVTVS 

1019 CICAGGTGAGTCCTCACAACCTCTAG^ 
& 

1099 AGGTGAGGCAGGTGGCGCCAGCiyLQGTGCACACCCAATGCCC^ 
1179 TAAGAACCCAQGGGCCTCn&CGCCCTGGGCECAG 

A 

1259 O^CCAAGGGCCCATaWT<nTCCCC 

STKG PSVFPLAPSSKSTSGGTAA LGCL 

1339 GTCAAGGACTACTTCCCCmACCGGTGACGGT^ 

VKDY FPE PVTVSWNSGA LTSGVHTFPA 

1419 TGTCCTACAGTCCTCAGGACTCTACrrC^ 

VLQSSGLYSLSSVV TVPSSSLGT QTY 

1499 TCTGCAACGTGAATCACAAGCCCAGCAACACCAAG^ 

ICNVNHK»PSNTKVDKKV 

1579 TCTGCTGGAAGCCAGGCTCAGCGCTCCTGCCTGGACG 

1659 CCGTCTGCCTCTT&CCCGGAGGCCTCTGCC 

173 9 CTGGGCAOQCACAmcrTAGGTGCCCCTAACCCAGGCCCTQCACA 

1819 CCATATCCGGGftGGACCCTGCCCCTGACCTAAGCCCACCCCAAAG^ 

1899 TCTCCTCCCAGATTCCAGTAACTCCCAATCTTCT^ 

EP KSCDKTHTCPP 

1979 TXjCCCAQGTAAGCttGCCCkGGCCT^ 
C P 

2059 GGCCCCAGCCGGGTGCTGAttCGTO^CCTCCATCTC^ 

APELLGGPSVFL 

2139 TTCCCCCCAAAACCCAAGGACACCCTCATGATC^ 

FPPKPKDTLMISRTPEVTCVVVDVSHE 

. 2219 AGACCCTGAGGTCAAGTTCAACTGGTACGTGGAC^ CAAGACAAAG CCGCGGGAGGAGCAGT 

DPEVK FNWYVDGVEVHNAKTKPREEQ 

2299 ACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGC^ 

YNSTYRVVSVLTVLHQD W LNGKEYKCK 

2379 GTCTCCAACAAAGCCCTCCCAGCCCCC^^ 

VSNKALPAP IEKTISKAK 

2459 ACATGGACAGAGGCCGGCTCGGCCCACCCTCTGCCC^ 

G Q P 

2539 o^gaaccacaggtgtac^ccx:tgccccc^tcccgggatgagctgaccaagaacc^ 

RE PQVYTLP PSRDELT KNQV S LTCL VK 

2619 AGGCTTCTATCCCAGCGACAT(^a3TGGAGTGGGAGAGCAATGGGCAGCCGGAGAA 

G FY P SD I AV EWE S NGQ P E NNY KTT P P 

2699 TGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCT 

VLDS DGS F FLYSKLTVDKS RWQQGNVF 

2779 TCATGCTCCGTGATGCATGAGGCTCTGCACAAC 

SCSVMHBALHMHYT QKSLSIiS PGK* 

2859 ACGGCCGGCAAGCCCCCGCTCCCCGGGCTCTCGCGGTCGCACGAGG^ 
2939 GGCGCCCAGCATGGAAATAAAGC^CCCAGCGCTGCCCTGGGCCCCTG 
3019 CGAGTCTGAGGCCTGAGTGGCATGAGGGAGGCAGAGCGGGTC 
3099 CTGGGCCGCCTAGGGTGGGGCTCAGCCAGGGGCTGCC 
3179 AGCACCTCCCCTGGGCTGGGCCACGGGAAGC^ 

3259 TGTCCTGTTCTGTGAGCGCCCTGTCCTCCGACCrCCATGCCCACTCGGGGGCATC 
3339 CCCTCCCTCACCCATCTACCCC^CGGC^^ 
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3419 ACTCCX3GGGACATGCACTCTCXX3GC 

3499 ACAAACCCCGCACTK3AGGTTGGCCGGCCACACGG 

3579 GCQAACTGCACAGCACCCAGACCAGAGCAAGGTCCTC 

3659 OGCXK3CACCTCAAGGCCCACGAGCCTCTOG!GCAGCT^ 

3739 CAAGGGTGCCCCTGCAGCCGCCACACACACACAGGGGATCACAC^ 

3819 TGCCGCCCTTCCCTGCAGGATCC 
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FIG. 3 

619 ACGCGTCCACCATGAATTTCGGGCTC^ 

J4NP GLSLIFLVL.VLKGVLCEVQL 

699 GTGGAGTCTGGGGGAGGTTTAGTGCAGCCTGGAGGGTCCC^^ 

VESGGGLV Q.PGG S LRLS CAAS G PTF S R 

779 GTATTCCATGTCTTGGGTTCGCCAGGCTCCAGGCy^AGG 

YSMSWVRQ APGKGLELVAQINSVG£S 

859 CCTACTATCCAGACACTGTAAAGGGCCGATTCACCA^ 

TY YPDTVKGR FTISRD.NAKNTLYLQMN 

939 TCCCTGAGGGCCK3AAGACACGGCCX3TGTATTACTGTGC^ 

SLRABDTAVYYCASGDYWGQGTLVTVS 

1019 CTCAG QTGAGTCCTCACAACttCTAGAGCTTTCTGGGGC^ 
8 

1099 AGGTGAGGCAGGTGGttCCAGCCAGGTGCAC^CCCAATGCCC^ 

117 9 TAAGAACCCAGGGGCCTCTGCGCCCTGGGCCCAGCTCTGTCCCACACCGCGGT 

A 

1259 CCACCAAGGGCCCATCGGTCOTCCCCCTGGCArc 

STKGPSVFPIiAPSSKSTS GGTAALGCL 

1339 GTCAAGGACTACTTCCCO^CCGGTGACGGT^ 

VKDY F PB P VTVSWNS G A L T S GV HTF PA 

1419 TGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCX3TGGTGACCX3T^ 

VLQ S SGLYSLSSVVTVPSS SLGTQTY 

1499 TCTGCAACGTGAATCACAAGCCCAGCAACACCAAG^ 

I CNVNH KP SN TKVDK KV 

1579 TCTGCTGGAAGCCAGGCTCAGCGCTCCTGCCTGGACGC^ 

1659 CCGTCTGCCTCTTCACCCGQAGGCCTCTGCCCGCCCCAC^ 

1739 CTGGGCAGGCACAGGCTAGGTGCCCCTAACCCAGGCCCTGCACAC^ 

1819 CCATATCCGGGAGGACCCTGCCCCTGACCTAAGCCCACCCCAAAGGCCAAACT^ 

1899 TCTCCTCCCAGATTCCAGTAACTCCCAATCT^ 

EPKSCDKTHTCPP 

1979 TGCCC&GGTAAG(XAGCCCAGGCCTCGCCCTCCAG^ 
C P 

2059 GGCCCCAGCCGGGTGCTGACACGTCCACCTCCATCTCTTC^ 

APELLGGPSVFL 

2139 TTCCCCCCAAAACCCAAGGAGACCCT 

FPPKPKDTIiMISRTPEVTCVVV DVSHE 

2219 AGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTC 

DPEVKFNWYVDGVEVHNAKTKP REEQ 

2299 ACAACAGCACXiTACCXaTGTGGTCAGCGTCCr 

YNSTYRV.VSVLTVLHQDWLNGKEYKCK 

2379 GTCTCCAACAAAGCCCTCXXAGCCCCCATCGAGAA CCCGTGGGGTGCGAGGGCC 
VSN KALPAP I BKT I S KAK 

24 59 ACATGGACAGAGGCCGGCTCGGCC&CCCTCTGCCCJX&GAGTGACtt 

G Q P 

2539 CGAGAACCACAGGTGTACACCCn^CCCCATCCCGGGATGAGCTGACCA^ 

REPQVYTLPPSRDELTKNQVSLTCLVK 

2619 AGGCTTCTATCCCAGO^C^TCGCXXSTGGAGTGGGAGAG 

G F Y P S'D IAVEWESNGQPENNYKTTPP 

2699 TGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCT 

VLD SDGS F FLYSKLTVDKSRWQQ GNVF 

2779 TCATGCTCCGTGATGCATGAGGCTCTGCACAACC^ 

SCSV M HEALHNHYTQ KS L S L S PGK • 

2859 AOGGCCX3GCAAGCCCCa3CTCCCCGGGCTCTCGOT^ 

2939 GGCGCCCZAGCATGGAAATAAAGCACCCAGCGCTGCCCOT 

3019 CGAGTCTGAGGCCTGAGTGGCATGAGGGAGGCAGAGCX3GGTC^CACrGTC 

3099 CIGGGCCGCCTAGGGTGGGGCTaiGCCAGGGGCT^ 

3179 AGCACCTGCCCTGGGCTG(&CCA03GGAft 

3259 TGTCCTGTTCTGTGAGCX3CCCTGTCCTCCGACCTCOT 

3339 CCCTCCCTCACCCATCrArcCCCACGGCACTAACCCCTGGCTGCCCTGCC 
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3419 ACTCCGGK3GACATGCACTCTCX3GGCCCTGTGGAGGGACT 
3499 ACTUUICCCCGCACTGAGGTTGGCCGGCCACACGGC^^ 

3579 GCGAACTGCACAGCACCCAGACCAGAGCAAOGTCCTCGCACACGTGAACACTCCT 

3659 CGCGGCACXITCAAGGCCCACGAGCCTCrrC^ 

3739 CAAGGGTGCCCCTGCAGCTOCCACACACACACAGGGGAT 

3819 TGCCGCCCTTCCCTGCAGGATCC 
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FIG. 4 



.30 60 
ACGCGTCCACCATGAATTTCGGGCTCAGCTTGATOT 

MNFGLSLIFLVLVLKG 

90 120 
TCCTGTGTGAAGTGCAGCTGGTGGAGTCTGGGGGAGGTTTAGTGCAGCCTGGAGGGTCCC 

VZi CBVQLVES GGG LVQ P G G S 

150 180 
TGAGACTCTCCTGTGCAGCCTCTGGATTCACTTTTAGTAGGTATTCCATGTCTTGGGTTC 

LRLSCAASGFTFS R Y S M S W V 

210 240 

GCCAGGCTCCAGGC^GGGCCTGGAATTGGTCGC^aUVATTAATAGTGTTGGTAgTAGCA 

RQA PGKGLELVA QINSVGSS 

270 300 
CCTACTATCCAGACACTGTAAAGGG CCGATTCACCAT CTCCAGAGACAATGC CAAGAACA 

T Y Y P D T V K G RFTI SRDNAKN 

330 360 
CCCTGTACCTGCAAATGAACTCCCTGAGGGCCGAAGACACGGCCGTGTATTACTGTGCAA 

TLYLQMNSLRAEDTAVYYCA 

390 420 
GCGGAGACTACTGGGGCCAAGGCACCCTGGTGACAGTC 

S G D Y WGQGTLVTVS S 



427 
CTCTAGA 
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FIG. 5 

30 60 

ACGCGTCCACCATGAATTTCGGGCT 

MNFGLSL IF LVLVLKG 

90 120 

TCCTGTGTGAAGTGCAGCTGGTGGAGTCTGGGGGAGGTTTAGTGCAGCCTGGAGGGTCCC 

VIiCEVQLVE SGGGLVQPGGS 

150 180 
TGAGACTCTCCTGTGCAGCCTCTGGATT^ 

LRLSCAASGFTFS R Y S M S W V 

210 240 

GCCAGGCTCC^GGCAAGGGCCTGGAATTGGTCGC^CAAATTAATAGTGTTGGTAgTAGCA 

RQAPGKGLELVA QINSVGTS 

270 300 
CCTACTAT C CAGACACTGTAAAGGGCCGATTCACCATCTC CAGAGACAATG C CAAGAACA 

TYYPDTVKG R FT I S R DN AKN 

330 360 
CCCTGTACCTGCAAATGAACTCCCTGAGGGCCGAAGA(^CGGCCGTGTATTACTGTG(^ 

TLYLQM NSLRAEDTAVYYCA 

390 420 
GCGGAGACTACTGGGGCC^GGCACCCTGGTGACAGTCTCCTCAGGTGAGTCCTCACAAC 

SGDYWGQGTLVTVSS 



427 
CTCTAGA 
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FIG. 6 

1 ATGAATTTCGGGCTCAGCTTGATTTTCCTTGTCCTTGTTTTAAAAGGTGTCCTGTGTGAA 

MNFGLSLI FLVLVLKGVLCE 
6 1 GTGC^GCTGGTGGAGTCK^GGGAGGTTT^^ 

VQ LVESOGGIi VQPGG SLRIiS 
12 1 TGTGCAGCCTCTGGATTC^CTTTTAGTA 

C A A S G F TP S RY S M S WVRQA P 
181 GGCAAGGG CCTGGAATTGGTCGCACAAATTAATAGTGTTGGTAGTAGCACCTACTATC CA 

GKGIiEIiVAQ INSVGSSTYYP 
241 GACACTGTAAAGGGCCGATTCACCATCTCCAGAGACAATGCCAAGAACACC 

DTVKGRFT I SRDNAKNTL Y L 
301 CAAATGAACTCCCTGAGGGCCGAAGACACGGCCGTGTAOT . 

QMN S LRAEDTAVYYCASGDY 
361 TGGGGCCAAGGCACCCTGGTGACAGTCTCCT(^GCCTCCACCAAGGGCCCATCGGTCTTC 

WG Q G T LVTVS SA S T KG P S VF 
42 1 CCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGG 

P L A P S S K S T S G G TAAL G C L V 
481 AAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGC 

KDY F PE PVTVS WNS GALT SG 
54 1 GTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTG 

VHTFPAVLQSS GLYSLSS VV 
601 ACCGTGCCCTCCAGCAGCTTGGGCACCGAGACCTACATCTGCT^CGTGAATCACAAGCCC 

TVP S SSLGTQTYI CNVNHKP 
661 AGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCTT 

SNTKVDKKVEPKSCDKTHTC 
721 CCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAA^ 

PPCPAPELLGGPSVFLFPPK 
781 CCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCG 

PKDTLMISRTPEVT CVV VDV 
841 AGCCACGAAGACCCTGAGGTCAAGTTC^CTGGTACGTGGACGGCGTGGAGGTGCATAAT 

SHE D PEVKFNWY. VDGV .EVHN 
901 GCCAAGACAAAGCCGCCk^AGGAGCAGTACAACAGCACGTACCGTGTGGT 

AKTK PREEQYN STYRVVSVL 
961 ACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTO 

TVIjHQDWLNGKEYKCKVSNK 
1021 GCCCTCCCAGCCCCC^TCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCA 

A L P A PIE K T I SKA K G Q P R E P 
1081 CAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACC . 
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QVYTLPPSRDELTKNQVSLT 
1141 TGCCTGGTO^GGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG 

CLVKGFYP SDIAVEWE S NGQ 
• 1201 CCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTC 

PENNYKTTPPVLDSDGSFPIi 
1261 TACAGGAAGCTC^CCGTGGACAAGAGCAGGTG^ 

YSKLTVDKSRWQQGNVFSCS 
1321 GTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGT 

VMHEALHNHYTQKS LS I> S P G 
1381 AAATGA 

K • 
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FIG. 7 

1 ATGAATTTCGGGCTCAGCTTGATT^ 

MNFGLSL I FLVLVLKGVLCE 
6 1 GTGCAGCTGGTGGAGTCTGGGGGAGGTTTAGTGCAGCCTGQAGGGTCCCTGA 

VQLVESGGGLVQPGG S.LRIiS 
12 1 TGTGCAGCCTCTGGATTCACTTTTAGTAGGTATTCC^TGTCTTGGGTTCGCCAGGCTCCA 

C A A S G F T F S RY S M S WVRQA P 
181 GGCAAGGGCCTGGAATTGGTCGCACAAATTAATAGTGTT 

GKGLELVAQINSVGTSTY YP 
241 GACACTGTAAAGGGCCGATTCACCATCTCC^GAGACAATGCCAAGAACACCCTGTACCTG 

DTVKGRFTI SRDNAKNTLYL 
301 CAAATGAACTCCCTGAGGGCCGAAGACACGGCCGTGTATTACTGTGCAAGCGGAGACTAC 

Q M N S LRAEDTAVTYCAS G D Y 
361 TGGGGC<^GGCACCCTGGTGACAGTCTCCTCAGCCTCCACC^GGGCCCATCGGTCTTC 

WGQ GTLVTVSSA STKGPSVF 
421 CCCCTGGCACCCTCCTCC^GAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTC 

P L A P S S KS T S G G TAALG CLV 
481 AAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGC 

KDYF P.EPVT VSWNSGALTSG 
54 1 GTGCACACCTTCCCGGCTGTCCTAC^GTCCT 

VHTFPAVLQSSGLYSLSSVV 
601 ACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCT 

TVPSSSL GTQTYI CNVNHKP 
661 AGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGT^ 

SNT KVD KKVE P KS C DKTHT C 
72 1 CC^CCGTGCCCAGCACCTGAAGTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAA 

PPCPAPELLGGPSVFLFPPK 
781 CCCAAGGAC^CCCTCATGATCTCCCGGA 

PKDTLMIS RTPEVTCVVVDV 
841 AGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAAT 

SHEDPEVKFNWYVDGVEVHN 
901 GCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTC 

AKT KPREEQYNSTYRVVSVL 
961 ACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTCCA^ 

TVLH QDWLN GKEYK CKVSNK 
1021 GCCCTCCCAGCCCCCATCGAGAAAACraTC 

AL P A P I E KT I S K AKGQ P RE P 
1081 CAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACC 
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QVYTLP PSRDELTKNQVSLT 
1141 TGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG 

CLVKGFYPSDIAVEWESNGQ 
1201 CCGGAGAAGAkCTACAAGACCACGCCTCCC^ 

PENNYKTTPPVLDSDGSFFIi 
1261 TACAGCAAGCTC^CCGTGGAC^GAGCAGGTGGC^GCAGGGGAACGTCTTCTCATGCTCC 

YS KLTVD K-SRWQQGNVFS C S 
1321 GTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGA 

VMHEALHNHYTQKSLSLSPG 
1381 AAATGA 
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X-15113.ST25.txt 
SEQUENCE LISTING 

<110> ELI LILLY AND COMPANY 

<120> ANTI-AB ANTIBODIES 

<130> X-15113 

<150> 60/313,224 
<151> 2001-08-17 

<160> 17 

<170> Patentlh version 3.1 



<210> 


1 


<211> 


16 


<212> 


PRT 


<213> 


Mus sp. 


<220> 





<221> MISC-FEATURE 

<222> (1) . . (16) 

<223> LIGHT CHAIN CDRl 

<400> 1 

Arg Ser Ser Gin ser Leu lie Tyr ser Asp Gly Asn Ala Tyr Leu His 
1 5 10 15 

<210> 2 
<211> 7 
<212> PRT 
<213> Mus sp. 

Page 1 
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X-15113.ST25.txt 

<220> 

<221> MISC—FEATURE 

<223> LIGHT CHAIN CDR2 

<400> 2 

Lys Val ser Asn Arg Phe Ser 
1 5 

<210> 3 

<211> 9 

<212> PRT 

<213> Mus sp. 

<220> 

<221> MISC_FEATURE 

<222> CD..C9) 

<223> LIGHT CHAIN CDR3 

<400> 3 

ser Gin Ser Thr His val Pro Trp Thr 
1 5 

<210> 4 

<211> 5 

<212> PRT 

<213> Mus sp. 

<220> 

<221> MISC_FEATURE 

<222> CD ^. C5) 

<223> HEAVY CHAIN CDRl 



<400> 4 
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Arg Tyr Ser Met Ser 
1 5 

<210> 5 

<211> 17 

<212> PRT 

<213> Mouse variant 

<220> 

<221> MISC—FEATURE 

<222> CI).. (17) 

<223> HEAVY CHAIN CDR2 

<220> 

<221> MISG^FEATURE 
<222> (7).- (7) 

<223> Xaa at position 7 is any amino acid, provided that if Xaa at posi 
tion 8 is neither Asp nor Pro and xaa at position 9 is ser or Thr 
, then xaa at position is not Asn 



<220> 

<221> MISC-FEATURE 
<222> (8) . . (8) 

<223> Xaa at position 8 is any amino acid, provided that if Xaa at posi 
tion 7 is Asn and Xaa at position 9 is Ser or Thr, then Xaa at po 
sition 8 is Asp or Pro 

<220> 

<221> MISCL.FEATURE 
<222> (9).. (9) 

<223> Xaa at position 9 is any amino acid, provided that if xaa at posi 
tion 7 is Asn and Xaa at position 8 is neither Asp nor pro, then 
Xaa at position 9 is neither ser nor Thr 

<400> 5 

Gin lie Asn ser val Gly xaa xaa xaa Tyr Tyr Pro Asp Thr val Lys 
1 5 10 15 
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Gly 

<210> 6 

<211> 3 

<212> PRT 

<213> Mus sp. 

<220> 

<221> MI SC-FEATURE 

<222> (1)..(3) 

<223> HEAVY CHAIN CDR3 

<400> 6 
Gly Asp Tyr 

<210> 7 

<211> 113 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MIS COFEATURE 

<222> (1) . . (113) 

<223> HUMANIZED ANTIBODY LIGHT CHAIN VARIABLE REGION 
<220> 

<221> MISC^FEATURE 

<222> (1)..(113) 

<223> HUMANIZED ANTIBODY LIGHT CHAIN VARIABLE REGION 
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<220> 

<221> MISCFEATURE 

<222> (88) . . (88) 

<223> xaa ai: position 88 is val or Leu 
<220> 

<221> MISC— FEATURE 

<222> (105) . . (105) 

<223> Xaa at position 105 is Gin or Gly 
<220> 

<221> MISC— FEATURE 

<222> (108).. (108) 

<223> Xaa at position 108 is Lys or Arg 
<220> 

<221> MISC_FEATURE 

<222> (109).. (109) 

<223> xaa at position 109 is Val or Leu 
<220> 

<221> MISCL.FEATURE 

<222> (14) . . (14) 

<223> Xaa at position 14 is Thr or Ser 
<220> 

<221> MISC—FEATURE 

<222> (15) . . (15) 

<223> Xaa at position 15 is Leu or Pro 
<220> 
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<221> MISCLFEATURE 

<222> (30).. (30) 

<223> xaa at position 30 is lie or Val 
<220> 

<221> MISC_FEATURE 

<222> (50).. (50) 

<223> Xaa at position 50 is Arg, Gin, or Lys 
<220> 

<221> MISQ.FEATURE 

<222> (7).. (7) 

<223> Xaa at position 7 is Ser or Thr 
<220> 

<221> MISCLFEATURE 

<222> (2).. (2) 

<223> xaa at position 2 is Val or He 

<400> 7 

Asp xaa val Met Thr Gin xaa Pro Leu ser Leu Pro Val xaa Xaa Gly 
1 5 10 15 

Gin Pro Ala ser lie ser cys Arg ser ser Gin Ser Leu xaa Tyr ser 
20 25 30 

Asp Gly Asn Ala Tyr Leu His Trp Phe Leu Gin Lys Pro Gly Gin ser 
35 40 45 

Pro Xaa Leu Leu lie Tyr Lys Val ser Asn Arg Phe ser Gly val Pro 
50 55 60 

Asp Arg Phe Ser Gly ser Gly ser Gly Thr Asp Phe Thr Leu Lys lie 
65 70 75 80 

ser Arg Val Glu Ala Glu Asp xaa Gly Val Tyr Tyr cys ser Gin Ser 

85 90 95 
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Thr His val Pro Trp Thr Phe Gly xaa Gly Thr Xaa Xaa Glu lie 
100 105 110 

Arg 

<210> 8 

<211> 112 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MISC_F EATURE 

<222> (1) . . (112) 

<223> HUMANIZED ANTIBODY HEAVY CHAIN VARIABLE REGION 
<220> 

<221> MISC— FEATURE 

<222> (76).. (76) 

<223> Xaa at position 76 is Lys or Arg 
<220> 

<221> MI SCL-F EATURE 

<222> (89) . - (89) 

<223> Xaa at position 89 is Glu or Asp 
<220> 

<221> MIS COFEATURE 

<222> (107) . . (107) 

<223> Xaa at position 107 is Leu or Thr 

<220> 
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<221> MISCFEATURE 
<222> (1) . . (1) 

<223> Xaa at position 1 is Glu or Gin 
<220> 

<221> MISC-FEATURE 
<222> (7). .(7) 

<223> Xaa at position 7 is Ser or Leu 
<220> 

<221> MISC-FEATURE 
<222> (46).. (46) 

<223> Xaa at position 46 is Glu, Val , Asp, or Ser 
<220> 

<221> MISCFEATURE 
<222> (56).. (56) 

<223> Xaa at position 56 is any amino acid, provided that is Xaa at pos 
ition 5/ is neither Asp nor Pro and xaa at position 59 is ser or 
Thr, then xaa at position 56 is not as n 

<220> 

<221> MISCLFEATURE 
<222> (57).. (57) 

<223> Xaa at position 57 is any amino acid, provided that is Xaa at pos 
ition 56 is Asn and Xaa at position 58 is ser or Thr, then Xaa at 
position 57 is Asp or Pro 

<220> 

<221> MISCLFEATURE 
<222> (58) . . (58) 

<223> xaa at position 58 is any amino acid, provided that is Xaa at pos 
ition 56 is Asn and Xaa at position 57 is neither Asp nor pro, t 
hen xaa at position 58 is neither ser nor Thr 
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<220> 

<221> MISC-FEATURE 
<222> (63) . . (63) 

<223> Xaa at position 63 is Thr or Ser 
<220> 

<221> MISCLFEATURE 
<222> (75).. (75) 

<223> Xaa at position 75 is Ala, ser, val, or Thr 
<400> 8 

xaa Val Gin Leu Val Glu Xaa Gly Gly Gly Leu val Gin Pro Gly Gly 
1 5 10 15 

ser Leu Arg Leu Ser Cys Ala Ala ser Gly Phe Thr Phe ser Arg Tyr 
20 25 30 

Ser Met ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu xaa Leu Val 
35 40 45 

Ala Gin lie Asn ser val Gly xaa xaa xaa Tyr Tyr Pro Asp xaa Val 
50 55 60 

Lys Gly Arg Phe Thr lie ser Arg Asp Asn xaa Xaa Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn ser Leu Arg Ala xaa Asp Thr Ala val Tyr Tyr Cys 

85 90 95 

Ala Ser Gly Asp Tyr Trp Gly Gin Gly Thr xaa val Thr Val ser Ser 
100 105 110 

<210> 9 
<211> 113 
<212> PRT 

<213> Artificial sequence 



<220> 

<223> Humanized antibody — 
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<220> 

<221> MISC—FEATURE 
<222> (1)..C113) 

<223> HUMANIZED ANTIBODY LIGHT CHAIN VARIABLE REGION 
<400> 9 

Asp val Val Met Thr Gin Ser Pro Leu ser Leu pro val Thr Leu Gly 



10 



15 



Gin Pro Ala ser He ser cys Arg Ser ser Gin Ser Leu lie Tyr ser 
20 25 30 

Asp Gly Asn Ala Tyr Leu His Trp Phe Leu Gin Lys Pro Gly Gin ser 
35 -40 45 

Pro Arg Leu Leu lie Tyr Lys Val ser Asn Arg Phe ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly ser Gly ser Gly Thr Asp phe Thr Leu Lys lie 
65 70 75 80 

Ser Arg val Glu Ala Glu Asp val Gly val Tyr Tyr cys ser Gin ser 

85 90 95 

Thr His Val Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu He Lys 
100 105 110 

Arg 



<210> 10 

<211> 112 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MISC—FEATURE 

<222> (1) . . (112) 
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<223> HUMANIZED ANTIBODY HEAVY CHAIN VARIABLE REGION 



<220> 

<221> MISC-FEATURE 
<222> (56)..C56) 

<223> Xaa at position 56 is any amino acid, provided that if xaa at pos 
ition 57 is neither Asp nor pro and xaa at position 59 is ser or 
Thr, then xaa at position 56 is not Asn 



<220> 

<221> MISCFEATURE 
<222> (58) . . (58) 

<223> Xaa at position 58 is any amino acid, provided that if xaa at pos 
ition 56 is Asn and Xaa at position 57 is neither Asp nor Pro, th 
en Xaa at position 58 is neither Ser nor Thr 



<220> 

<221> MISCLFEATURE 
<222> (57).. (57) 

<223> Xaa at position 57 is any amino acid, provided that if xaa at pos 
ition 56 is Asn and Xaa at position 58 is ser or Thr, then xaa at 
position 57 is Asp or Pro 



<400> 10 

Glu val Gin Leu Val Glu ser Gly Gly Gly Leu val Gin Pro Gly Gly 
1 5 10 15 

ser Leu Arg Leu Ser cys Ala Ala Ser Gly Phe Thr Phe ser Arg Tyr 
20 25 30 

ser Met ser Trp val Arg Gin Ala pro Gly Lys Gly Leu Glu Leu val 
35 40 45 

Ala Gin lie Asn ser val Gly xaa Xaa xaa Tyr Tyr Pro Asp Thr Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn ser Leu Arg Ala Glu Asp Thr. Ala Val Tyr Tyr cys 

85 90 95 
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Ala ser Gly Asp Tyr Trp Gly Gin Gly Thr Leu val Thr val ser Ser 
100 105 110 

<210> 11 
<211> 219 
<212> PRT 

<213> Artificial sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MISC^FEATURE 
<222> (1) . . (219) 

<223> HUMANIZED ANTIBODY LIGHT CHAIN 
<400> 11 

Asp Val val Met Thr Gin ser Pro Leu Ser Leu Pro val Thr Leu Glv 
1 5 10 15 

Gin Pro Ala ser lie Ser Cys Arg ser ser Gin Ser Leu lie Tyr ser 

20 s 25 30 

Asp Gly Asn Ala Tyr Leu His Trp. Phe Leu Gin Lys Pro Gly Gin Ser 
35 40 45 

Pro Arg Leu Leu He Tyr Lys val ser Asn Arg phe Ser Gly val Pro 
50 55 60 

Asp Arg Phe Ser Gly ser Gly ser Gly Thr Asp Phe Thr Leu Lys He 
65 70 75 80 

Ser Arg Val Glu Ala Glu Asp val Gly val Tyr Tyr Cys ser Gin ser 

85 90 " 95 

Thr His val Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu He Lys 
100 105 110. 

Arg Thr val Ala Ala Pro ser val Phe lie Phe Pro Pro ser Asp Glu 
115 120 125 
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Gin Leu Lys ser Gly Thr Ala Ser val val cys Leu Leu Asn Asn Phe 
130 135 140 



Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys val Asp Asn Ala Leu Gin 
145 150 155 160 

ser Gly Asn Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp ser 

165 170 175 

Thr Tyr ser Leu Ser ser Thr Leu Thr Leu ser Lys Ala Asp Tyr Glu 
180 185 190 

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser 
195 200 205 

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu cys 
210 215 

<210> 12 
<211> 442 
<212> PRT 

<213> Artificial sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MISC^FEATURE 
<222> (1) . . (442) 

<223> HUMANIZED ANTIBODY HEAVY CHAIN 
<220> 

<221> MI SC— FEATURE 
<222> (56) . . (56) 

<223> Xaa at position 56 is any amino acid, provided that if xaa at pos 
ition 57 is neither Asp nor Pro and Xaa at position 59 is ser or 
Thr, then Xaa at position 56 is not Asn 

<220> 

<221> MISC-FEATURE 
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<222> (57).. (57) 

<223> xaa at position 57 is any amino acid, provided that if xaa at pos 
ition 56 is Asn and xaa at position 58 is ser or Thr, then xaa a 
t position 57 is Asp or Pro 



<220> 

<221> MISC—FEATURE 
<222> (58) . . (58) 

<223> xaa at position 58 is any amino acid, provided that if Xaa at pos 
vti on 56 is Asn and xaa at position 57 is neither Asp nor Pro, t 
hen Axx at position 58 is neither Ser nor Thr 



<400> 12 

Glu val Gin Leu val Glu ser Gly Gly Gly Leu val Gin Pro Gly Gly 
15 10 15 

ser Leu Arg Leu ser cys Ala Ala ser Gly Phe Thr Phe ser Arg Tyr 
20 25 30 

ser Met ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Leu Val 
35 40 45 

Ala Gin lie Asn ser val Gly xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val 
50 55 60 

Lys Gly Arg ,Phe Thr lie ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr cys 

85 90 95 

Ala ser Gly Asp Tyr Trp Gly Gin Gly Thr Leu val Thr Val Ser Ser 
100 105 110 

Ala ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 
US 120 125 

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly cys Leu val Lys Asp Tyr 
130 135 140 

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 
I 45 150 155 160 

„Gly Val His.Thr. Phe pro Ala val. Leu Gin Ser Ser Gly Leu Tyr ser 

165 170 175 
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Leu ser Ser val Val Thr val Pro ser Ser ser Leu Gly Thr Gin Thr 
180 185 190 

Tyr He cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys 
195 200 205 

Lys y?l Glu Pro Ser ^ As P L y s Thr His Thr cys Pro Pro cys 
210 215 220 

Pro Ala Pro Glu Leu Leu Gly Gly Pro ser val Phe Leu Phe Pro Pro 
225 230 235 240 

Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu val Thr Cys 

245 250 255 

Val Val Val Asp Val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp 
260 265 270 

Tyr val asd Gly val Glu val His Asn Ala Lys Thr Lyj Pro Arg Glu 

Glu Gin Tyr Asn ser Thr Tyr Arg val val ser val Leu Thr val Leu 
290 295 300 

His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val ser Asn 
305 310 315 320 

Lys Ala Leu Pro Ala Pro He Glu Lys Thr lie Ser Lys Ala Lys Gly 

325 330 335 

Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu 
340 345 350 

Leu Thr Lys Asn Gin Val Ser Leu Thr cys Leu Val Lys Gly Phe Tyr 

Pro ser Asp He Ala val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn 
370 375 380 

Asn Tyr Lys Thr Thr Pro Pro val Leu Asp ser Asp Gly Ser Phe Phe 
385 390 395 400 

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 

405 410 415 

val Phe ser cys ser val Met His Glu Ala Leu His Asn His Tyr Thr 
420 425 430 
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Gin Lys ser Leu Ser Leu Ser Pro Gly Lys 
435 440 

<210> 13 

<211> 17 

<212> prt 

<213> Artificial Sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MISC_FEATURE 

<222> (1) . . (17) 

<223> HEAVY CHAIN CDR 

<220> 

<221> MISC_FEATURE 

<222> (7).. (7) 

<223> Xaa at position 7 of Seq ID No. 13 is selected from the group con 

S ^r n 3i° f Ala ' Cys ' £ p ' Glu ' phe ' Gl %> His « Ile ' L ys, Leu, Met, 
Pro, Gin, Arg, ser, Thr, val, Trp, and Tyr 

<220> 

<221> MISC_FEATURE 
<222> (8) . . (8) 

<223> xaa at position 8 of seq ID no. 13 is selected from the group con 
sisting of Ala, cys, Asp, Glu, Phe, Gly, His, He, Lys, Leu, Met, 
Asn, Pro, Gin, Arg, ser, Thr, val, Trp, and Tyr ' 

<220> 

<221> MISC-FEATURE 
<222> (9) . . (9) 

<223> Xaa at position 9 of seq ID No. 13 is selected from the group con 

S lfr n §™ f S a ' Cys ' Asp > G l u - ph ?' Gly ' Hi 5' Ile » L y s . Leu, Met, 
Asn, pro, Gin, Arg, ser, Thr, val, Trp, and Tyr 
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<40Q> 13 

Gin lie Asn Ser Val Gly xaa Xaa Xaa Tyr Tyr Pro Asp Thr Val Lys 
15 10 15 

Gly 

<210> 14 :, : 

<211> 17 . • V 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MISC_FEATURE 

<222> CD • • (17) 

<223> HEAVY CHAIN CDR 



<220> 

<221> MISC—FEATURE 

<222> (7).. (7) 

<223> xaa at position 7 of seq ID No. 14 is Asn 



<220> 

<221> MISCFEATURE 
<222> (8) . . C8) 



<223> xaa at position 8 of Seq ID No. 14 is selected from the group con 
sisting of Ala, cys, Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, 
Asn, pro, Gin, Arg, ser, Thr, val, Trp, and Tyr 



<220> 

<221> MISC_FEATURE 
<222> (?).. (9) 
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xaa at Position 9 of seq ID No. 14 is selected from the group con 
sisting of Ala, cys, Asp, Glu, Phe, Gly, His, lie, Lys? Leu Met 
Asn, pro, Gin, Arg, val, Trp, and Tyr ' y ' u ' Met ' 

<400> 14 

Gin He Asn Ser val Gly xaa Xaa Xaa Tyr Tyr Pro Asp Thr val Lys 

1 5 10 ; 15 

Gly 

\ 

<210> 15 

<211> 17 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MISC_FEATURE 

<222> (1)..(17) 

<223> HEAVY CHAIN CDR 

<220> 

<221> MISCLFEATURE 

<222> (7)..C7) 

<223> xaa at position 7 of seq id No. 15 is Asn 
<220> 

<221> MISC-FEATURE 

<222> (8) . . C8) 

<223> St?5g P o 0 f i S? n aSd°JrI eq 10 N °' 15 U SeleCted from the «~«P co " 



<220> 

<221> MISC-FEATURE 
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<222> (9).. (9) 

<223> Xaa at position 8 of Seq id No. 15 is selected from the group con 
si sting of Ser and Thr 



<400> 15 

Gin lie Asn ser val Gly xaa xaa Xaa Tyr Tyr Pro Asp Thr Val Lys 
1 5 10 15 

Gly 

<210> 16 

<211> 17 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Humanized antibody 
<220> 

<221> MISC_FEATURE 

<222> (1) . . (17) 

<223> HEAVY CHAIN CDR 



<220> 

<221> MISC—FEATURE 
<222> (7). .(7) 

<223> Xaa at position 7 of seq ID No. 16 is selected from the group con 
si sting of Ala, Gly, His, Gin, ser, and Thr 

<220> 

<221> MISC_FEATURE 
<222> (8) . . (8) 

<223> Xaa at position 8 of Seq ID No. 16 is selected from the group con 
sisting of Ala, Gly, His, Asn, Gin, Ser, and Thr 
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<220> 

<221> MISC—FEATURE 
<222> (9) . . (9) 

<223> Xaa at position 9 of seq ID No. 16 is selected from the group con 
si sting of Ala, Gly, His, Asn, Gin, ser, and Thr 



<400> 16 

Gin He Asn ser Val Gly xaa xaa Xaa Tyr Tyr Pro Asp Thr val Lys 
1 5 10 15 

Gly 

<210> 17 

<211> 17 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Humanized antibody 
<220> 

<221> MISCLFEATURE 

<222> (1) . . (17) 

<223> HEAVY CHAIN CDR 

<220> 

<221> MISCLFEATURE 

<222> (7).. (7) 

<223> Xaa at position 7 of Seq ID No. 17 is Asn 
<220> 

<221> MISCLFEATURE 

<222> (8).. (8) 

<223> xaa at position 8 of Seq id no. 17 is selected from the group con 
sisting of Ala, Gly, His, Asn, Gin, ser, and Thr . 
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<220> 

<221> MISCFEATURE 
<222> (9).. (9) 

<223> Xaa at position 9 of Seq ID No. 17 is selected from the group con 
sisting of Ala, Gly, His, Asn, and Gin 



<400> 17 

Gin He Asti ser val Gly xaa xaa Xaa Tyr Tyr Pro Asp Thr val Lys 
1 5 10 15 

Gly 
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